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ABSTRACT
S e n s i t i z e d  f l u o r e s c e n c e  i n  p o t a s s i u m  v a p o u r  a n d  i t s  
m i x t u r e s  w i t h  i n e r t  g a s e s  wa s  i n v e s t i g a t e d  i n  o r d e r  t o  d e t e r ­
mi ne  c r o s s  s e c t i o n s  f o r  t h e  i n e l a s t i c  c o l l i s i o n s  l e a d i n g  t o
2 2e x c i t a t i o n  t r a n s f e r  b e t w e e n  t h e  4 P ^ / 2  anc* ^ P 3 / 2  s t a t e s  in 
p o t a s s i u m .  The s t u d y  was  c a r r i e d  o u t  a t  p o t a s s i u m  v a p o u r  p r e s ­
s u r e s  o f  a b o u t  1 0 “ 6 t o r r ,  w h i c h  w e r e  n o t  p r e v i o u s l y  a c c e s s i b l e  
t o  s u c h  e x p e r i m e n t s .  A t  t h e s e  l ow d e n s i t i e s  i t  was  p o s s i b l e  
t o  d e t e r m i n e  t h e  c r o s s  s e c t i o n s  u n d e r  s i n g l e - c o l l i s i o n  c o n d i ­
t i o n s  a n d  i n  t h e  a b s e n c e  o f  r a d i a t i o n  t r a p p i n g .  The f o l l o w i n g
2 2a r e  t h e  v a l u e s  o f  t h e  c r o s s  s e c t i o n s  ( 4  P 3 / 2  ^ a n d
Q2 i ( 4 2p i / 2 ^ “  A2 P 3 / 2 ) • f o r  K-K c o l l i s i o n s :  370  a n d  250  A2 ; 
f o r  K- He :  60 a n d  41 A2 ; f o r  K - N e : 14 a n d  9 . 5  A2 ; f o r  K-A:  37 
a n d  22 A2 ; f o r  K - K r :  61 a n d  41 A2 ; f o r  K-Xe:  104 a n d  72 A2 .
The c r o s s  s e c t i o n s  f o r  p o t a s s i u m - i n e r t  g a s  c o l l i s i o n s  do  n o t  
i n c r e a s e  a o n o t o n i c a l 1 y w i t h  t h e  p o l a r i z a b l 1 i t i e s  o f  t h e  i n e r t  
g a s  a t o m s  b u t  show a c l o s e  s i m i l a r i t y  t o  t h e  e l e c t r o n - i n e r t  
g a s  e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n s .  T h i s  b e h a v i o u r  i s  
i n t e r p r e t e d  on  t h e  b a s i s  o f  a s e m i - c l a s s i c a 1 mode l  f o r  t h e  
i n t e r a c t i o n ,  w h i c h  i n v o l v e s  o v e r l a p  f o r c e s .  At  s o m e w h a t  h i g h e r  
i n e r t  g a s  p r e s s u r e s ,  w h e r e  s i n g l e - c o l l i s i o n  c o n d i t i o n s  no 
l o n g e r  p r e v a i l e d ,  t h e  c o l l i s i o n  n u m b e r s  w e r e  f o u n d  t o  v a r y  n o n -  
l i n e a r l y  w i t h  i n e r t  g a s  p r e s s u r e  a n d  r e a c h e d  s a t u r a t i o n  v a l u e s  
a t  p r e s s u r e s  much l o w e r  t h a n  e x p e c t e d  f ro m a  t h e o r e t i c a l
( i i )
a n a l y s i s .  T h e s e  e f f e c t s  a r e  t e n t a t i v e l y  a t t r i b u t e d  t o  c h a n g e s  
i n  t h e  c o l l i s i o n  m e c h a n i s m  a n d  i n  t h e  l i f e t i m e s  o f  t h e  p o t a s ­
s i u m r e s o n a n c e  s t a t e s  c a u s e d  by t h e  i n c r e a s i n g  i n e r t  g a s  p r e s ­
s u r e s .
( H i )
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I .  INTRODUCTION
The s t u d y  o f  I n e l a s t i c  c o l l i s i o n s  b e t w e e n  h e a v y ,  
l ow v e l o c i t y  p a r t i c l e s  h a s  b e e n  a  s u b j e c t  o f  i n t e r e s t  f o r  
many y e a r s .  The i n v e s t i g a t i o n  o f  s u c h  p h e n o m e n s  h a s  g a i n e d  
i m p e t u s  f r o m  t h e  c u r r e n t  i n t e r e s t  i n  e n e r g y  t r s n s f e r  p r o c e s s e s  
i n  t h e  i o n o s p h e r e  a n d  s t e l l a r  a t m o s p h e r e s .  E x p e r i m e n t s  i n ­
v o l v i n g  i n e l a s t i c  a t o m i c  c o l l i s i o n s  a r e ,  i n  a d d i t i o n ,  w e l l  
s u i t e d  t o  t h e  p u r p o s e  o f  c h e c k i n g  t h e  v a l i d i t y  o f  t h e  t h e o r e ­
t i c a l  a p p r o a c h e s  t o  a t o m i c  c o l l i s i o n s  by p r o v i d i n g  i n f o r m a t i o n  
r e g a r d i n g  t h e  n a t u r e  a n d  m a g n i t u d e  o f  t h e  i n t e r - a t o m i c  f o r c e s  
i n v o l v e d .
From a  t h e o r e t i c a l  p o i n t  o f  v i e w ,  t h e  m o s t  t h o r o u g h l y
d o c u m e n t e d  o f  t h e  i n e l a s t i c  c o l l i s i o n  p r o c e s s e s  a r e  t h o s e
t h a t  t a k e  p l a c e  b e t w e e n  t h e  a l k a l i  m e t a l s  a n d  a l k a l i  m e t a l
a n d  i n e r t  g a s  a t o m s .  A l m o s t  a l l  o f  t h e  c u r r e n t  t h e o r e t i c a l
1 2  3t r e a t m e n t s  o f  t h e  s u b j e c t  * * p r e d i c t  c r o s s  s e c t i o n s  f o r  a 
g i v e n  p a i r  o f  a t o m s  o f  a b o u t  t h e  same o r d e r  o f  m a g n i t u d e .
I t  t h e r e f o r e  b e c o m e s  n e c e s s a r y  t o  e x p e r i m e n t a l l y  d e t e r m i n e  
a c c u r a t e  v a l u e s  o f  c r o s s  s e c t i o n s  f o r  c o l l i s i o n s  o f  e a c h  
a l k a l i  m e t a l  w i t h  i t s  own g r o u n d  s t a t e  a n d  w i t h  t h e  c o m p l e t e  
s e t  o f  i n e r t  g a s e s .  O n l y  by d e t e r m i n i n g  t h e  e x a c t  r e l a t i o n ­
s h i p s  b e t w e e n  t h e  v a r i o u s  c r o s s  s e c t i o n s  w i l l  s  c h o i c e  o f  
t h e  " c o r r e c t 1* t h e o r e t i c a l  a p p r o a c h  be p o s s i b l e .  We r e l y ,  
t h e r e f o r e ,  o n  t h e  f i n e  s t r u c t u r e  o f  a  s p e c t r u m  o f  i n e l a s t i c
1
2c r o s s  s e c t i o n s  t o  p r o v i d e  t h e  c r i t e r i o n  f o r  s u c h  a c h o i c e .
The p r e s e n t  i n v e s t i g a t i o n  c o n c e r n s  i t s e l f  w i t h  t h e
d e t e r m i n a t i o n  o f  t h e  c r o s s  s e c t i o n s  f o r  r a d i a t i o n l e s s  e n e r g y
t r a n s f e r  b e t w e e n  t h e  f i r s t  e x c i t e d  f i n e  s t r u c t u r e  s t a t e s  i n  
2 2p o t a s s i u m  ( 4  P } / 2  a n d  * P 3 / 2 ^  i n d u c e d  by  c o l l i s i o n s  w i t h
2
g r o u n d  s t a t e  p o t a s s i u m  a t o m s  ( 4  S 1 / 2 ) a n d  i n e r t  g a s  a t o m s  i n  
t h e i r  g r o u n d  s t a t e s  ( n ^ S g ) .  S u c h  t r a n s i t i o n s  may be d e s c r i b e d  
by t h e  f o l l o w i n g  e q u a t i o n :
K ( 4 2P 3 / 2 ) + X ? = = = *  K ( 4 2P 1 / 2 ) + X + A E  , ( 1 )
w h e r e  X may be e i t h e r  a  p o t a s s i u m  o r  i n e r t  g a s  a t o m  i n  t h e  
g r o u n d  s t a t e ,  a n d  k |  a n d  k 2 a r e  r a t e  c o n s t a n t s  w h i c h  a r e
p r o p o r t i o n a l  t o  t h e  c r o s s  s e c t i o n s  f o r  t h e  two  p r o c e s s e s .
2 —1 The e n e r g y  d e f e c t  b e t w e e n  t h e  P s t a t e s  (57 cm o r  0 . 0 0 7  eV)
i s  a b s o r b e d  f r o m  o r  g i v e n  up t o  t h e  k i n e t i c  e n e r g y  o f  r e l a t i v e
m o t i o n  o f  t h e  c o l l i d i n g  p a r t n e r s .  A p r o c e s s  o f  t h i s  t y p e  was
4
f i r s t  o b s e r v e d  by C a r i o  a n d  F r a n c k  i n  e x p e r i m e n t s  o n  m e r c u r y  
f l u o r e s c e n c e  s e n s i t i s e d  by t h a l l i u m .  A c c o r d i n g  t o  F r a n c k ^ ,  
t h e  c r o s s  s e c t i o n s  f o r  t h e  e n e r g y  t r a n s f e r  p r o c e s s  s h o u l d  
v a r y  i n v e r s e l y  w i t h  t h e  e n e r g y  d e f e c t  b e t w e e n  t h e  s t a t e s .
B e u t l e r  a n d  J o s e p h y ^  d e m o n s t r a t e d  t h i s  p r i n c i p l e  i n  e x p e r i -  
m e n t s  w i t h  s e n s i t i z e d  f l u o r e s c e n c e  i n  s o d i u m .
C o l l i s i o n s  o f  t h i s  t y p e  a r e  o f t e n  r e f e r r e d  t o  a s  
" c o l l i s i o n s  o f  t h e  s e c o n d  k i n d "  a f t e r  F r a n c k ' s  e x t e n s i o n  o f  
t h e  t e r m i n o l o g y  o f  K l e i n  a n d  R o s s e l a n d 2 . H o w e v e r ,  t h e r e
s e e m s  t o  be some a m b i g u i t y  i n  t h i s  t e r m ,  a s  a p p l i e d  t o  t h e
2 2p r o c e s s e s  d e s c r i b e d  by e q u a t i o n  ( 1 ) ,  a s  o n l y  t h e  P 1 / 2 ........... . P 3 / 2
3t r a n s i t i o n  p r o c e e d s  by m e a n s  o f  a  t r u e  c o l l i s i o n  o f  t h e  s e c o n d  
k i n d .
I f  a n  e n s e m b l e  o f  p o t a s s i u m  a t o m s  i s  i r r a d i a t e d  
w i t h  p h o t o n s  c o r r e s p o n d i n g  t o  e i t h e r  t h e  t r a n s i t i o n
4 2S 1 / 2  4 ------ 4 2P j / 2 ( 7 6 9 9  A) o r  4 2 S 1 / 2  4 ------  * Zp3 / 2  <7 6 6 5  *>»
b o t h  w a v e l e n g t h s  w i l l  a p p e a r  i n  t h e  f l u o r e s c e n t  s p e c t r u m  
b e c a u s e  o f  i n e l a s t i c  c o l l i s i o n s  o f  t h e  t y p e  d e s c r i b e d  by 
e q u a t i o n  ( 1 ) .  The f l u o r e s c e n c e  w h i c h  i s  o f  t h e  same w a v e ­
l e n g t h  a s  t h e  l i g h t  e x c i t i n g  t h e  s a m p l e  i s  c a l l e d  r e s o n a n c e
Q
f l u o r e s c e n c e ,  a t e r m  c o i n e d  by  R. W.  Wood t o  d e s c r i b e  t r a n s i ­
t i o n s  d u e  t o  e x c i t e d  s t a t e s  f r o m  w h i c h  t h e r e  i s  b u t  o n e  
a l l o w e d  r e t u r n  p a t h  t o  t h e  g r o u n d  s t a t e .  The f l u o r e s c e n t  
c o m p o n e n t  o f  t h a t  w a v e l e n g t h ,  w h i c h  i s  n o t  p r e s e n t  i n  t h e  
e x c i t i n g  b e a m , i s  c a l l e d  s e n s i t i z e d  f l u o r e s c e n c e .
Wood** s t u d i e d  r e s o n a n c e  f l u o r e s c e n c e  i n  s o d i u m  a n d  
d e f i n e d  t h e  p r o c e s s  o f  r a d i a t i o n  i m p r i s o n m e n t  o r  m u l t i p l e  
s c a t t e r i n g  o f  r e s o n a n c e  r a d i a t i o n .  A c o n e  o f  i n c i d e n t  r e s o ­
n a n c e  r a d i a t i o n  was  f o u n d  t o  be w e l l  d e f i n e d  by  f l u o r e s c e n t  
l i g h t  i n  s o d i u m  v a p o u r  a t  l o w d e n s i t y .  As  t h e  v a p o u r  d e n s i t y  
was i n c r e a s e d ,  f l u o r e s c e n c e  f i r s t  f i l l e d  t h e  e n t i r e  f l u o r e s ­
c e n c e  v e s s e l  ( v o l u m e  f l u o r e s c e n c e )  a n d ,  i n  t h e  h i g h  p r e s s u r e  
l i m i t ,  was e v e n t u a l l y  c o n f i n e d  t o  a  t h i n  l a y e r  a d j a c e n t  t o  
t h e  e n t r a n c e  wi ndow ( s u r f a c e  f l u o r e s c e n c e ) .  T h i s  p h e n o m e n o n ,  
w h i c h  g i v e s  r i s e  t o  c o n s i d e r a b l e  d i f f i c u l t y  i n  e x p e r i m e n t s  
s u c h  a s  t h e  p r e s e n t  o n e ,  i s  c a u s e d  by m u l t i p l e  a b s o r p t i o n s  
and  r e e m i s s i o n s  o f  t h e  p h o t o n s  e m i t t e d  by  t h e  p r i m a r y  e x c i t e d  
a t o m s .  The e f f e c t s  o f  t h e  d i f f u s i o n  p r o c e s s  w i l l  be d i s c u s s e d
4i n  g r e a t e r  d e t a i l  i n  t h e  f o l l o w i n g  s e c t i o n s .
S e v e r a l  a t t e m p t s  h a v e  b e e n  made t o  a c c o u n t  t h e o r e t i -
9 10c a l l y  f o r  t h e  p r o c e s s ,  s u c h  a s  t h o s e  o f  Compt on  ,  M i l n e  a n d  
11 12H o l s t e i n  . B a r r a t  i n v e s t i g a t e d  b o t h  t h e o r e t i c a l l y  a n d  
e x p e r i m e n t a l l y  t h e  d i f f u s i o n  o f  m e r c u r y  r e s o n a n c e  r a d i a t i o n .
Some a u t h o r s  h a v e  u s e d  t h e s e  t h e o r i e s  t o  c o m p e n s a t e  f o r  im­
p r i s o n m e n t  e f f e c t s  i n  t h e  s t u d y  o f  s e n s i t i z e d  f l u o r e s c e n c e  i n  
t h e  a l k a l i s ,  b u t  t h e i r  u s e  n e c e s s i t a t e s  a s s u m p t i o n s  r e g a r d i n g  
t h e  g e o m e t r y  o f  t h e  s y s t e m  t h a t  may be d i f f i c u l t  t o  j u s t i f y .
Wood*"*’ ** c a r r i e d  o u t  t h e  f i r s t  s t u d y  o f  s e n s i t i z e d  
f l u o r e s c e n c e  i n  s o d i u m ;  i n v e s t i g a t i o n s  o f  t h e  s o d i u m - i n e r t  
g a s  s y s t e m s  w e r e  c o n d u c t e d  by  Wood a n d  M o h l e r * ^  a n d  w e r e  f o l ­
l o w e d  by t h e  s o d i u m - i n e r t  g a s  e x p e r i m e n t s  o f  L o c h t e - H o l  t g r e v e n * * * .  
S e i w e r t 1^ w o r k e d  w i t h  s o d i u m  a n d  s o d i u m - a r g o n  m i x t u r e s ,  and
18s e n s i t i z e d  f l u o r e s c e n c e  i n  p o t a s s i u m  was  s t u d i e d  by  T h a n g a r a j
and  by  H o f f m a n n  a n d  S e i w e r t * ^ .  The l a t t e r  a u t h o r s  a d o p t e d  t h e
t h e o r y  o f  H o l s t e i n  ( S e i w e r t ^ ® * * 1 ) t o  c o r r e c t  f o r  r a d i a t i o n
22d i f f u s i o n .  Chapman ,  K r a u s e  a n d  B r o c k ma n  w o r k e d  w i t h  p u r e
p o t a s s i u m  v a p o u r  a t  r e d u c e d  v a p o u r  p r e s s u r e s ,  w h i l e  Chapman 
23a n d  K r a u s e  s t u d i e d  s e n s i t i z e d  f l u o r e s c e n c e  i n  t h e  p o t a s s i u m -  
a r g o n  s y s t e m .  J o r d a n *  s t u d i e d  m i x t u r e s  o f  s o d i u m  w i t h  a l l  
t h e  i n e r t  g a s e s  a n d  o f  p o t a s s i u m  w i t h  h e l i u m ,  n e o n  a n d  a r g o n .  
S e n s i t i z e d  f l u o r e s c e n c e  i n  c e s i u m  w a s  i n v e s t i g a t e d
A *
by Bunke a n d  S e i w e r t  4 a n d ,  more  r e c e n t l y ,  by  C z a j k o w s k i  and
25 26K r a u s e  . C z a j k o w s k i ,  M c G i l l i s  a n d  K r a u s e  d e t e r m i n e d  t h e
c e s i u m - i n e r t  g a s  c r o s s  s e c t i o n s  a t  v e r y  l o w  c e s i u m  m e t a l
v a p o u r  d e n s i t i e s .  The m o s t  r e c e n t  p u b l i c a t i o n s  o f  e x p e r i m e n t a l
527work i n  t h i s  a r e a  a r e  t h o s e  o f  Rae  a n d  K r a u s e  who d e t e r ­
m i n e d  t h e  i n e l a s t i c  c r o s s  s e c t i o n s  f o r  r u b i d i u m - r u b i d i u m
28c o l l i s i o n s ,  a n d  o f  P i t r e ,  Rae  a n d  K r a u s e  who m e a s u r e d  t h e  
c r o s s  s e c t i o n s  f o r  c o l l i s i o n s  b e t w e e n  r u b i d i u m  a n d  t h e  i n e r t  
g a s  a t o m s .
The p r e s e n t  e x p e r i m e n t  w a s  c a r r i e d  o u t  a t  v e r y  l o w
p o t a s s i u m  v a p o u r  p r e s s u r e s  t o  a v o i d  t h e o r e t i c a l  c o r r e c t i o n s
f o r  t h e  e f f e c t s  o f  r a d i a t i o n  d i f f u s i o n .  I t  was  a l s o  p o s s i b l e
t o  m e a s u r e  p o t a s s i u m - i n e r t  g a s  c o l l i s i o n s  a t  g a s  p r e s s u r e s
l o w  e n o u g h  t o  e n s u r e  s i n g l e - c o l l i s i o n  c o n d i t i o n s .  S i n c e  t h e
2
e n e r g y  d e f e c t  b e t w e e n  t h e  P s t a t e s  o f  p o t a s s i u m  i s  s m a l l  
w i t h  r e s p e c t  t o  t h o s e  o f  t h e  h e a v i e r  a l k a l i  m e t a l s ,  t h e  r e ­
s u l t s  o f  t h i s  e x p e r i m e n t  may s e r v e  a s  a  v a l i d  c h e c k  o n  t h e  
v a r i o u s  t h e o r i e s ,  w h i c h  u s u a l l y  a s s u m e  a s m a l l  e n e r g y  g a p  
b e t w e e n  t h e  r e l e v a n t  s t a t e s .
I I .  THEORETICAL
A.  The M a c r o s c o p i c  T h e o r y
( i )  The R a t e  P r o c e s s e s  o f  S e n s i t i z e d  F l u o r e s c e n c e
I n  o r d e r  t o  m e a s u r e  t h e  c r o s s  s e c t i o n s  f o r  i n e l a s t i c
c o l l i s i o n s ,  i t  i s  n e c e s s a r y  t o  c o n s i d e r  t h e  f a c t o r s  i n v o l v e d
i n  t h e  m a i n t e n a n c e  o f  s t e a d y  s t a t e  c o n d i t i o n s  i n  a t h r e e
2l e v e l  a t o m i c  s y s t e m .  F i g u r e  1 s h o w s  t h e  
s t r u c t u r e  l e v e l s  o f  p o t a s s i u m  a s  w e l l  a s  t h e  g r o u n d
i e v e  J. .
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F i g u r e  1 .  E n e r g y  L e v e l  D i a g r a m  o f  P o t a s s i u m .
The B c o e f f i c i e n t s  c o r r e s p o n d  t o  e x c i t a t i o n  
by a b s o r p t i o n  o f  p h o t o n s ,  t h e  A c o e f f i c i e n t s  
r e f e r  t o  s p o n t a n e o u s  r a d i a t i v e  d e c a y ,  a n d  t h e  
Z c o e f f i c i e n t s  t o  r a d i a t i o n l e s s  e n e r g y  t r a n s ­
f e r  d u e  t o  i n e l a s t i c  c o l l i s i o n s .
6
7The c o e f f i c i e n t s  Bq^ a n d  Bq2 d e t e r m i n e  t h e  p o p u l a r  
2 2t i o n s  o f  t h e  * \ f 2  a n d  p 3 / 2  s t a t e s  r e s p e c t i v e l y ,  a c h i e v e d  by 
i r r a d i a t i o n  o f  g r o u n d  s t a t e  a t o m s  by p h o t o n s  o f  t h e  a p p r o p r i ­
a t e  e n e r g y .  A j q  a n d  A2q a r e  t h e  s p o n t a n e o u s  r a d i a t i v e  d e c a y  
c o e f f i c i e n t s ,  and  a r e  e q u a l  t o  t h e  i n v e r s e  o f  t h e  mean l i f e ­
t i m e s  o f  t h e  two s t a t e s .
The c o e f f i c i e n t s  Z l 2  a n d  Z21 c o r r e s p o n d  t o  r a d i a t i o n -  
l e s s  e n e r g y  t r a n s f e r s  b e t w e e n  t h e  two e x c i t e d  s t a t e s ,  i n d u c e d  
by i n e l a s t i c  c o l l i s i o n s  w i t h  g r o u n d  s t a t e  a t o m s .  T h e s e  c o e f ­
f i c i e n t s  a r e  d e n s i t y  d e p e n d e n t  a n d  r e p r e s e n t  t h e  n u m b e r  o f  
c o l l i s i o n s  p e r  a t o m  a n d  p e r  s e c o n d  l e a d i n g  t o  t h e  r a d i a t i o n -  
l e s s  e n e r g y  t r a n s f e r .
I f  i t  i s  a s s u m e d  t h a t  o n l y  t h e  p r o c e s s e s  o f  e x c i t a t i o n ,  
s p o n t a n e o u s  d e c a y  a n d  c o l l i s i o n a l  e n e r g y  t r a n s f e r  t a k e  p l a c e  
i n  t h e  v a p o u r ,  i t  i s  p o s s i b l e  t o  s e t  up  two c o u p l e d  d i f f e r e n ­
t i a l  r a t e  e q u a t i o n s  d e s c r i b i n g  t h e  s t a t e  o f  t h e  s y s t e m :
Ni -  " ( l / y i  + Zl2>Nl + B01N0 ♦ Z21n 2 • <2>
N2 ■ - ( 1 / j f2 * z 2 l ) N2 + fl0 2 N0 + z 12Nl  »
w h e r e  Nq  ^ 2 a r e  t h e  o c c u p a t i o n  n u m b e r s  o f  t h e  v a r i o u s  s t a t e s .  
I t  i s  a s s u m e d  t h a t  7 ^  - 7 2 - 7 »  w h e r e  JJ* i s  t h e  mean l i f e t i m e  o f  
t h e  t wo  r e s o n a n c e  s t a t e s .
I f  o n l y  o n e  o f  t h e  two r e s o n a n c e  s t a t e s  i s  p o p u l a t e d ,  
e q u a t i o n s  ( 2 )  a n d  ( 3 )  y i e l d  a s e t  o f  f o u r  e q u a t i o n s ,  two o f  
w h i c h  do n o t  c o n t a i n  Bq i  o r  Bq 2 :
-  - < l / r  ♦ Z i 2 >Ni ♦ Z2 1 N2 , ( 4 )
n 2 -  - 0 4 7  ♦ z 2 i ) n 2 ♦ z 12n x . ( 5)
U n d e r  s t e a d y  s t a t e  c o n d i t i o n s ,  N j * N 2 - 0 . D i v i d i n g  e q u a t i o n  
( 4 )  by N2 * n d  e q u a t i o n  ( 5 )  by y i e l d s
S i n c e  t h e  d i f f e r e n c e  b e t w e e n  t h e  e n e r g i e s  o f  t h e  two
r e s o n a n c e  a t a t e a  i n  p o t a s s i u m  i s  s m a l l ,  t h e  r a t i o  o f  t h e  
p o p u l a t i o n  d e n s i t i e s  o f  t h e  two s t a t e s  i s  t h e  s a me  a s  t h e  
r a t i o  o f  t h e  i n t e n s i t i e s  o f  t h e  l i n e s  e m i t t e d  b y  t h e  two 
s t a t e s .
S o l v i n g  e q u a t i o n s  ( 6 ) a n d  ( 7 )  f o r  Z j 2 * n d  z 2 l »  we
o b t a i n
B o t h  * nd  Z21 * r e  f u n c t i o n s  o f  t h e  r e l a t i v e  v e l o c i t y  o f
t h e  c o l l i d i n g  p a r t n e r s  a n d  o f  t h e  d e n s i t y  o f  a t o m s  i n  t h e  
g r o u n d  s t a t e ,  Nq *
g a s e a ,  t h e  a v e r a g e  c r o s s  s e c t i o n  f o r  r a d i a t i o n l e s s  e n e r g y  
t r a n s f e r  b e t w e e n  t h e  two l e v e l s  i s  d e f i n e d  a s  f o l l o w s :
( 6 )
Z 12 "  ( I / S ' *  z 2 l ^ 2  » ( 7 )( 7 )
2
w h e r e  ^ l "  n i / n 2 when  s t a t e  p 3 / 2  l s  e x c i t e d ,  a n d  -  ^ / N j  
2
when a t a t e  P i / 2 i *  e x c i t e d .
Z12 ( 8 )
a n d
( 9 )
By a n a l o g y  w i t h  t h e  c l a s a i c a l  k i n e t i c  t h e o r y  o f
2
Q i s  t h e  t o t a l  c r o s s  s e c t i o n  i n  cm , Nq I s t h e  n u m b e r  o f  
g r o u n d  s t a t e  a t o m s  p e r  cm a n d  v r  i s  t h e  mean r e l a t i v e  v e l o ­
c i t y  o f  t h e  c o l l i d i n g  a t o m s ,  g i v e n  by
v r  * \ f l p t  • ( U )
w h e r e  k i s  t h e  B o l t z m a n n  c o e f f i c i e n t ,  T i s  t h e  a b s o l u t e  
t e m p e r a t u r e  a n d ^  i s  t h e  r e d u c e d  m a s s  o f  t h e  c o l l i d i n g  a t o m s .  
The t o t a l  c o l l i s i o n  c r o s s  s e c t i o n  may be r e p r e s e n t e d  a s  
f o l l o w s ,  i n  t e r m s  o f  t h e  d i f f e r e n t i a l  c r o s s  s e c t i o n  q ( v ) :
f  ( v )  v q ( v )  d ^ v  . ( 1 2 )
T h i s  t h e r m a l  a v e r a g i n g  i s  c a r r i e d  o u t  o v e r  t h e  M a x w e l l -  
B o l t z m a n n  v e l o c i t y  d i s t r i b u t i o n  f u n c t i o n ,  f ( v ) .
I t  i s  e x p e c t e d  f r o m  t h e  p r i n c i p l e  o f  d e t a i l e d  b a l a n c >  
i n g  t h a t  t h e  r a t i o  o f  * h o u l d  be g i v e n  by
h i  .  B l e - A  E / k T  t ( 1 3 )
Z21 8 1
2
w h e r e  g j  a n d  g 2 a r e  t h e  s t a t i s t i c a l  w e i g h t s  o f  t h e  P 1 / 2  and  
2
P 3 / 2  s t a t e s  ( g j  -  2} g 2 -  4 )  a n d  AE i s  t h e  e n e r g y  d e f e c t  b e ­
t w e e n  t h e m .  The e x p o n e n t i a l  t e r m  i s  t h e  B o l t z m a n n  f a c t o r  
w h i c h  d e t e r m i n e s  t h e  p r o b a b i l i t y  t h a t  t h e  k i n e t i c  e n e r g y  o f  
r e l a t i v e  m o t i o n  w i l l  be g r e a t e r  t h a n  A E .
( i i )  I m p r i s o n m e n t  o f  R e s o n a n c e  R a d i a t i o n  a n d  Q u e n c h i n g  o f  
F l u o r e s c e n c e
When a p o t a s s i u m  a t o m  i s  e x c i t e d  t o  o n e  o f  t h e  r e s o n *  
a n c e  l e v e l s  by a b s o r p t i o n  o f  a  p h o t o n ,  i t  w i l l ,  o n  t h e  a v e r ­
a g e ,  r e m a i n  i n  t h e  e x c i t e d  s t a t e  f o r  a  t i m e  e q u a l  t o  t h e
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mean l i f e t i m e  o f  t h e  s t a t e , I f *  d u r i n g  t h a t  t i m e ,  a n  
i n e l a s t i c  c o l l i s i o n  t a k e s  p l a c e ,  t h e  e x c i t a t i o n  e n e r g y  may 
be t r a n s f e r r e d  t o  t h e  o t h e r  r e s o n a n c e  s t a t e  w h i c h  a l s o  h a s  a 
1 i f  e t  ime 9*.
I f  t h e  a t o m i c  d e n s i t y  o f  t h e  s y s t e m  i s  h i g h ,  o r  i f  
t h e  p a t h  o f  t h e  p h o t o n  t h r o u g h  t h e  m e t a l  v a p o u r  i s  a p p r e c i ­
a b l e ,  t h e n  t h i s  " p r i m a r y "  p h o t o n  may be r e a b s o r b e d  by a 
p o t a s s i u m  a t o m  i n  t h e  g r o u n d  s t a t e .  T h i s  a b s o r p t i o n  a n d  
r e e m i s s i o n  p r o c e s s  may o c c u r  many t i m e s  b e f o r e  a  p h o t o n  i s  
r e g i s t e r e d  by  t h e  r e c o r d i n g  s y s t e m .  The p r o c e s s  i s  c a l l e d  
i m p r i s o n m e n t  o r  d i f f u s i o n  o f  r e s o n a n c e  r a d i a t i o n .
The i m p r i s o n m e n t  p r o c e s s  a r t i f i c i a l l y  l e n g t h e n s  t h e  
l i f e t i m e s  o f  t h e  e x c i t e d  s t a t e s ,  d e p e n d i n g  on  t h e  a v e r a g e  
n u m b e r  o f  r e a b s o r p t i o n s  p e r  p h o t o n ;  t h i s  g i v e s  r i s e  t o  s p u r ­
i o u s  v a l u e s  o f  t h e  c r o s s  s e c t i o n s .  S i n c e  t h e  o s c i l l a t o r
2 2s t r e n g t h  f o r  t h e  4 * 1 / 2  <  ~ A P 3 / 2  t r a n s i t i o n  i s  t w i c e  t h a t
2 2
f o r  t h e  4 S ^ 2  4 P j / 2  t r a n s i t i o n ,  t h e  p r o b a b i l i t y  o f  a
2 2
t r a n s i t i o n  f r o m  t h e  t o  t h e  P 3 / 2  *e v e l  w i l l  a p p e a r
s m a l l e r  c o m p a r e d  w i t h  t h e  r e v e r s e  t r a n s i t i o n ,  t h a n  w o u l d  
o t h e r w i s e  be t h e  c a s e .  T h u s  t h e  e f f e c t i v e  r a t i o  o f  t h e  two 
c r o s s  s e c t i o n s  w i l l  be s m a l l e r  t h a n  t h a t  p r e d i c t e d  by 
e q u a t i o n  ( 1 3 ) »
T h e r e  i s  a s e c o n d  p r o c e s s  w h i c h  h a s  n o t  b e e n  t a k e n  
i n t o  c o n s i d e r a t i o n  i n  e q u a t i o n s  ( 2 )  a n d  ( 3 ) —  t h e  q u e n c h i n g  
o f  r e s o n a n c e  f l u o r e s c e n c e  by i n e r t  g a s e s .
2
I f  a p o t a s s i u m  a t o m  i n  o n e  o f  t h e  e x c i t e d  P s t a t e s  
i n t e r a c t s  w i t h  a  f o r e i g n  g a s  a t o m  i n  s u c h  a  way t h a t  t h e
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e n t i r e  e x c i t a t i o n  e n e r g y  i s  c o n v e r t e d  i n t o  t h e  k i n e t i c  e n e r g y
o f  r e l a t i v e  m o t i o n  o f  t h e  c o l l i d i n g  p a i r ,  o r  i n t o  I n t e r n a l
e n e r g y  o f  t h e  f o r e i g n  a t o m ,  f l u o r e s c e n c e  i s  s a i d  t o  be 
29q u e n c h e d .  Q u e n c h i n g  i s  m o s t  p r o b a b l e  i f  t h e  f o r e i g n  g a s  
i s  c o m p o s e d  o f  p o l y a t o m i c  m o l e c u l e s  whose  c l o s e l y  s p a c e d  
v i b r a t i o n a l  a n d  r o t a t i o n a l  e n e r g y  l e v e l s  e a s i l y  a b s o r b  a 
wide  b a n d  o f  e n e r g i e s .
S i n c e  t h e  e n e r g y  d i f f e r e n c e  b e t w e e n  t h e  f i n e  s t r u c ­
t u r e  r e s o n a n c e  s t a t e s  o f  p o t a s s i u m  i s  s m a l l ,  t h e  q u e n c h i n g  
c r o s s  s e c t i o n s  f o r  t h e  two l e v e l s  w i t h  a g i v e n  f o r e i g n  g a s  
a t o m  s h o u l d  be t h e  s a m e .  F o r  t h i s  r e a s o n ,  i f  q u e n c h i n g  
o c c u r s ,  i t  s h o u l d  n o t  a l t e r  t h e  r a t i o  o f  t h e  c r o s s  s e c t i o n s  
f o r  i n e l a s t i c  c o l l i s i o n s ,  b u t  i t  may l o w e r  t h e  a b s o l u t e  
m a g n i t u d e  o f  b o t h  c r o s s  s e c t i o n s  by  a r t i f i c i a l l y  s h o r t e n i n g  
t h e  l i f e t i m e s  o f  t h e  r e s o n a n c e  s t a t e s .
B e c a u s e  t h e  i n e r t  g a s e s  p o s s e s s  no  e l e c t r o n i c  s t a t e s
2whose  e n e r g i e s  a r e  c l o s e  t o  t h o s e  o f  t h e  P s t a t e s  i n  p o t a s ­
s i u m ,  t h e  q u e n c h i n g  c r o s s  s e c t i o n s  o f  t h e s e  g a s e s  w i t h
p o t a s s i u m  a r e  e x p e c t e d  t o  be much s m a l l e r  t h a n  t h o s e  f o r
2
e x c i t a t i o n  t r a n s f e r  among t h e  p o t a s s i u m  P l e v e l s .
B. The M i c r o s c o p i c  T h e o r y  o f  I n e l a s t i c  A t o m i c  C o l l i s i o n s
( i )  G e n e r a l  S t a t e m e n t  o f  t h e  P r o b l e m
I n  g e n e r a l ,  when  a p o t a s s i u m  a t o m  i n  o n e  o f  t h e  
r e s o n a n c e  s t a t e s  i s  p e r t u r b e d  by e i t h e r  a  g r o u n d  s t a t e  p o t a s ­
s i u m  a t o m  o r  a n  i n e r t  g a s  a t o m  In  i t s  g r o u n d  s t a t e  i n  s u c h  a 
way a s  t o  c a u s e  r a d i a t i o n l e s s  e n e r g y  t r a n s f e r ,  t h e r e  w i l l
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e x i s t  f o r  a s h o r t  t i m e  a q u a s i - m o l e c u l e  w h i c h  may o r  may n o t  
be i n  a  b o u nd  s t a t e .  D u r i n g  t h e  t i m e  o f  i n t e r a c t i o n ,  t h a t  
i s ,  t h e  d u r a t i o n  o f  t h e  two b o d y  s y s t e m ,  t h e  c o l l i d i n g  p a i r  
may be d e s c r i b e d  by a wave f u n c t i o n  i n v o l v i n g  t h e  e l e c t r o n i c  
s t a t e s  o f  b o t h  a t o m s .  The f o l l o w i n g  p a r a g r a p h s  p r e s e n t  a 
g e n e r a l  c o n c e p t u a l  a p p r o a c h  t o  t h e  s o l u t i o n  o f  t h e  two body  
p r o b l e m ,  w h i c h  w i l l  be u s e f u l  i n  t h e  d i s c u s s i o n  o f  t h e  v a r i ­
o u s  t h e o r i e s  w h i c h  h a v e  b e e n  p r o p o s e d  f o r  t h e  e n e r g y  t r a n s f e r  
p r o c e s s .
L e t  u s  d e f i n e  t h e  two e i g e n s t a t e s  o f  t h e  d i a t o m i c  
s y s t e m  a s  f u n c t i o n s  o f  t h e  a t o m i c  e i g e n s t a t e s  a t  i n f i n i t e  
s e p a r a  t  i o n s :
-  f ( K 2P l / 2 ,X)
( 1 4 )
Y z  -  f ( K 2 P 3 / 2 *X)
X r e p r e s e n t s  t h e  wave f u n c t i o n  o f  a p o t a s s i u m  o r  i n e r t  g a s  
a t om i n  t h e  g o un d  s t a t e ,  w h i l e  t h e  e x c i t e d  p o t a s s i u m  a t o m i c
wave f u n c t i o n s  c o n t a i n  t h e  d e g e n e r a t e  Zeeman s u b s t a t e s  (A f o r
2 2 
P3 / 2  ant* 2 f o r  ^ 1 / 2 ^* i s  e x Pe c t e d  t h a t  t he  f u n c t i o n s
g i v e n  by e q u a t i o n  ( 1 4 )  w i l l  go o v e r  s m o o t h l y  i n t o  t h e  e i g e n ­
f u n c t i o n  o f  t h e  two body s y s t e m  u p o n  c l o s e  a p p r o a c h  s i n c e
t h e  p o t a s s i u m  c o l l i s i o n s  t a k e  p l a c e  u n d e r  a d i a b a t i c  c o n d i -  
3t i o n s .  T h i s  wave f u n c t i o n  w i l l  be some l i n e a r  c o m b i n a t i o n  
o f  t h e  f u n c t i o n s  ( 1 4 ) .
f  -  ♦ c 2 ( t ) Y 2 .
w h e r e  C j ( t )  a n d  C2 ( t )  a r e  t i me  d e p e n d e n t  F o u r i e r  e x p a n s i o n  
c o e f f i c i e n t s  r e p r e s e n t i n g  t h e  a m p l i t u d e s  o f  t h e  p r o b a b i l i t y
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t h a t  a t  a t i m e  t  t h e  s y s t e m  w i l l  be f o u n d  i n  t h e  s t a t e  \ o r
I t  i s  a s s u m e d  t h a t  t h e  i n i t i a l  s t a t e  i s  a p u r e  s t a t e  
w i t h  CL ( t )  o r  C2 ( t )  ■ 0 a t  t - 0 .  The s o l u t i o n  t o  t h e  p r o b l e m  
s h o u l d  y i e l d  t h e  p r o b a b i l i t y  p e r  u n i t  t i m e  t h a t  a t r a n s i t i o n  
w i l l  t a k e  p l a c e  b e t w e e n ^  a n d  The t i m e  d e p e n d e n c e  o f
C2 ( t )  i s  g i v e n  by
C2 r + I ) ( t )  -  ~  Z  C^r>( t )  H2 k ( t )  e i l^ 2 k t  , ( 1 6 )
w h e r e  r +1 i s  t h e  o r d e r  o f  a p p r o x i m a t i o n ,  a n d  H2 k i s  t h e  m a t r i x  
e l e m e n t  o f  t h e  H a m i l t o n i a n ,  H. The H a m i l t o n i a n  i s  d e f i n e d  i n  
t e r m s  o f  t h e  f o r c e s  a s s u m e d  t o  be o p e r a t i n g  i n  t h e  i n t e r a c t i o n  
a n d  t h e  m a t r i x  e l e m e n t  c o n n e c t s  t h e  s t a t e s  2 a n d  k .  0 ^ 2 k i s  
t h e  Bo h r  a n g u l a r  f r e q u e n c y ,  g i v e n  by
Ct) 2k * (^ 2  “ ^ |() • ( 17 )
F o r  t h e  s a k e  o f  s i m p l i c i t y ,  o n l y  t h e  f i r s t  o r d e r  p e r *  
t u r b a t i o n  w i l l  be c o n s i d e r e d ,  w i t h  t h e  a s s u m p t i o n  t h a t  o n l y  
one  o t h e r  s t a t e  ( o r  g r o u p  o f  s u b s t a t e s )  i s  i n v o l v e d .  S t a r t i n g  
w i t h  a  p u r e  s t a t e ,  ^ , C ^ ° ^ ( t )  s  C j ^ \ t )  -  1 , a n d  e q u a t i o n  ( 1 6 )  
b e c o m e s
( 1 ) - i  (  i O l o 1 ^C2 U >  -  ~  \  H21 ( t )  e d t  . ( 1 8 )
*  / - 0 0
I f  t h e  i n t e r a c t i o n  f o r c e s  a r e  a p p l i e d  f o r  o n l y  a  s h o r t  t i m e ,  
t h e  a m p l i t u d e  o f  t h e  s t a t e *^2 w111 be p r o p o r t i o n a l  t o  t h e  
t i m e  d e p e n d e n t  F o u r i e r  c o m p o n e n t  o f  t h e  m a t r i x  e l e m e n t  H2  ^
w h i c h  c o n n e c t s  t h e  two s t a t e s .
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From e q u a t i o n  ( 1 8 ) ,  t h e  p r o b a b i l i t y  a m p l i t u d e  o f  
f i n d i n g  t h e  s y s t e m  i n  s t a t e  ^  a t  a t i m e  ( o r  a t  a n y  l a t e r  
t i m e )  w i l l  be
u i CJ 2 l ^
c ^ \ y )  -  -  - — -— - -  , d 9 )
1 *  CJ 21
w h e r e  i t  h a s  b e e n  a s s u m e d  t h a t  H21 i s  t i m e  i n d e p e n d e n t
( s l o w l y  v a r y i n g  w i t h  t i m e )  e x c e p t  f o r  b e i n g  t u r n e d  o n  a t  t  •* 0
* 30a n d  o f f  a t  t  -  ^  . The p r o b a b i l i t y  o f  f i n d i n g  t h e  s y s t e m  i n  
s t a t e <^2 a t  a n y t i m e  t  i s
( 1 ) 2
p 12 ’  l c 2 ( t ) l * ( 20)
T h e r e f o r e ,  f r o m  e q u a t i o n  ( 1 9 ) ,
4 | H 2 x |  2 » i n  7 ^ 2 1  ( , n
12 * 2 2 * 1 '
"fi L) 21
I f ,  a s  p r e v i o u s l y  p o i n t e d  o u t ,  t h e  f i n a l  s t a t e  i s  
c o m p o s e d  o f  a n u m b e r  o f  s u b s t a t e s  o f  e q u a l  e n e r g y  w h i c h  do 
n o t  g r e a t l y  d i f f e r  i n  e n e r g y  f r o m  t h e  o r i g i n a l  s t a t e  o f  t h e  
s y s t e m ,  t h e n  t h e  d e n s i t y  o f  f i n a l  s t a t e s ,  ^ 2 * d e E i n e d
s o  t h a t  ^>2 d E2 i s  t h e  n u m b e r  o f  s t a t e s  i n  t h e  e n e r g y  r a n g e
d £ 2 « T h e n  t h e  t r a n s i t i o n  p r o b a b i l i t y  p e r  u n i t  t i m e  f r o m  t h e
s u b s t a t e s  o f  ^  t o  t h e  s u b s t a t e s  o f ^ 2  “ i l l  be g i v e n  by
/ +*°
1 4 i H2 i i 2 „  (  ' ‘ ” 2i w 2 i c
P l 2 .  —  - j —  f 2 j j i j r —  • <2 2 >
w h e r e  t h e  a n g u l a r  f r e q u e n c y  h a s  r e p l a c e d  t h e  e n e r g y  t e r m .  
A f t e r  i n t e g r a t i o n ,  e q u a t i o n  ( 2 2 )  b e c o m e s
P 12 ’  * *  ? 2  l " 2 l | 2 • ( 2 3 >
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E q u a t i o n  ( 2 3 )  r e p r e s e n t s  t h e  p r o b a b i l i t y  p e r  u n i t  t i m e  o f  a 
t r a n s i t i o n  f r o m  s t a t e   ^ t o  s t a t e l y *  The p r o b a b i l i t y  o f  t h e  
r e v e r s e  t r a n s i t i o n  i s  o b t a i n e d  i n  t h e  same way a n d  h a s  t h e  
same f o rm  a s  e q u a t i o n  ( 2 3 ) ,  w i t h  t h e  i n d i c e s  i n t e r c h a n g e d .  
S i n c e  t h e  i n t e r a c t i o n  H a m i l t o n i a n  i s  h e r m i t i a n ,
w h i c h  a g r e e s  w i t h  t h e  p r o b a b i l i t y  r a t i o s  o b t a i n e d  f r o m  t h e  
p r i n c i p l e  o f  d e t a i l e d  b a l a n c i n g  ( e q u a t i o n  ( 1 7 ) ) .  T h e s e  
t r a n s i t i o n  p r o b a b i l i t i e s  p r o v i d e  t h e  p o i n t  o f  c o n t a c t  b e t w e e n  
t h e  s t a t i s t i c a l  s a m p l e  w h i c h  m u s t  be e m p l o y e d  i n  a n  e x p e r i -  
m e n t  a n d  t h e  m i c r o s c o p i c  s y s t e m  c o m p o s e d  o f  a c o l l i d i n g  p a i r  
o f  a t o m s  w h i c h  s h o u l d ,  a t  l e a s t  i n  p r i n c i p l e ,  be t r e a t e d  
q u a n t u m  m e c h a n i c a l l y .
i n v o l v e d  i n  a s s u m i n g  t h a t  t h e r e  a r e  m a t r i x  e l e m e n t s  c o n n e c t ­
i n g  a l l  t h e  d e g e n e r a t e  s u b s t a t e s  o f  one  f i n e  s t r u c t u r e  s t a t e  
w i t h  a l l  t h e  d e g e n e r a t e  s u b s t a t e s  o f  t h e  o t h e r  f i n e  s t r u c t u r e  
s t a t e ,  a n d  t h a t  a s i m p l e  f i r s t  o r d e r  a p p r o x i m a t i o n  t o  t h e  
p e r t u r b a t i o n  i s  s u f f i c i e n t .  N e i t h e r  o f  t h e s e  a s s u m p t i o n s  i s  
n e c e s s a r i l y  t r u e ,  b u t  t h e  f o r m a l i z e d  s o l u t i o n  o f  t h e  p r o b l e m  
( e q u a t i o n  ( 2 3 ) )  i s  s u f f i c i e n t  f o r  t h e  d i s c u s s i o n  o f  m o s t  o f  
t h e  t h e o r i e s  p r o p o s e d  i n  r e c e n t  y e a r s .
a r e  p r o p o r t i o n a l  t o  t h e  c o l l i s i o n  n u m b e r s  d e r i v e d  f r o m t h e  
s t a t i s t i c a l  m o d e l  a n d  p r e s e n t e d  a s  e q u a t i o n s  ( 8 ) a n d  ( 9 )  and
4
2
» (24 )
The a b o v e  t r e a t m e n t  o v e r s i m p l i f i e s  t h e  p r o b l e m s
I t  i s  i m m e d i a t e l y  a p p a r e n t  t h a t  t h e  p r o b a b i l i t i e s  P
/
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a r e ,  t h e r e f o r e ,  p r o p o r t i o n a l  t o  t h e  c o l l i s i o n  c r o s s  s e c t i o n s .
I n  o r d e r  t o  p r e d i c t  t h e s e  c r o s s  s e c t i o n s  t h e o r e t i c a l l y  a n d ,  
t h u s ,  t o  e v a l u a t e  t h e  m a t r i x  e l e m e n t s  c o n n e c t i n g  t h e  v a r i o u s  
s u b s t a t e s ,  b o t h  t h e  i n t e r a c t i o n  H a m i l t o n i a n  a n d  t h e  wave 
f u n c t i o n s a n d y ^  m u s t  k n o w n .  I f ,  u p o n  s e l e c t i o n  o f  a 
H a m i l t o n i a n  and  o f  t h e  a p p r o p r i a t e  wave f u n c t i o n s ,  t h e  m a t r i x  
e l e m e n t s  c o n n e c t i n g  a g i v e n  p a i r  o f  s u b s t a t e s  a r e  f o u n d  t o  
be z e r o ,  s e l e c t i o n  r u l e s  f o r  t h e  p a r t i c u l a r  m o d e l  may t h e n  
be f o r m u l a t e d  i n  t h e  g i v e n  o r d e r  o f  a p p r o x i m a t i o n .
T h e r e  h a v e  b e e n  many a t t e m p t s  t o  i n t e r p r e t  t h e  p r o ­
c e s s e s  i n v o l v e d  i n  i n e l a s t i c  a t o m i c  c o l l i s i o n s .  Some o f  
t h e s e  h a v e  b e e n  u n d e r t a k e n  f r o m  a c l a s s i c a l  o r  s e m i - c l a s s i c a l  
v i e w p o i n t  a n d  o t h e r s  a r e  b a s e d  on q u a n t u m  m e c h a n i c a l  m o d e l s .
Of t h e  l a t t e r ,  t h e  m o s t  r e c e n t  t h e o r i e s  h a v e  e m p l o y e d  t i m e  
d e p e n d e n t  p e r t u r b a t i o n  t h e o r i e s  o f  t r a n s i t i o n  p r o b a b i l i t i e s  
w i t h  t h e  a s s o c i a t e d  c h o i c e s  o f  i n t e r a c t i o n  H a m i l t o n i a n  and  
a t o m i c  wave f u n c t i o n s .  The f o l l o w i n g  s e c t i o n  g i v e s  a  r e v i e w  
o f  s e v e r a l  t h e o r i e s  w h i c h  a r e  o f  i n t e r e s t  t o  t h e  p r e s e n t  
i n v e s t i g a t  i o n .
( i i )  A R e v i e w  o f  t h e  T h e o r i e s  o f  I n e l a s t i c  A t o m i c  C o l l i s i o n s
One o f  t h e  e a r l i e s t  q u a n t i t a t i v e  t r e a t m e n t s  o f  e n e r g y
t r a n s f e r  i n  a t o m i c  c o l l i s i o n s  was d e v e l o p e d  by K a l l m a n n  a n d  
31L o n d o n .  They g av e  a  p r e c i s e  q u a n t u m  m e c h a n i c a l  t r e a t m e n t  
o f  t h e  c o l l i s i o n  p r o c e s s  a s s u m i n g  a d i p o l e - d i p o l e  i n t e r a c t i o n .  
T h i s  t h e o r y  was b a s e d  o n  t h e  a s s u m p t i o n  t h a t  t h e  e n e r g y  d e f e c t  
o f  t h e  c o l l i d i n g  a t o m s  i s  s m a l l .  The a u t h o r s  c o n s i d e r e d  t h a t  
a d i a b a t i c  s y s t e m s  a r e  n o t  l i k e l y  t o  l e a d  t o  e x c i t a t i o n  t r a n s f e r
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a n d  c h a t  a s  che  e n e r g y  d e f e c t ,  i n c r e a s e d ,  t h e  s y s t e m
s h o u l d  become  p r o g r e s s i v e l y  more  a d i a b a t i c .
S i n c e  t h e  e x c h a n g e  f o r c e s  b e t w e e n  a t o m s  o f  t h e  same 
s p e c i e s  w e r e  n o t  i n c l u d e d  i n  t h e  d e v e l o p m e n t  o f  t h e  t h e o r y ,  
i t  m i g h t  be e x p e c t e d  t h a t  t h e  e x p e r i m e n t a l  v a l u e s  o f  t h e  
i n e l a s t i c  c r o s s  s e c t i o n s  w o u l d  be l a r g e r  t h a n  t h o s e  p r e d i c t e d  
by K a l l m a n n  a n d  L o n d o n .  K a l l m a n  a n d  L o n d o n  a l s o  p r e d i c t e d  
t h a t  t h e  c r o s s  s e c t i o n s  s h o u l d  n o t  d e p e n d  on t h e  s i g n  o f  £k E 
a n d  t h a t  f o r  i n e x a c t  r e s o n a n c e  ( AE  ^  0 )  t h e  c r o s s  s e c t i o n s  
f o r  i n e l a s t i c  c o l l i s i o n s  s h o u l d  v a r y  a s  ( A E ) “ ^ ^ , T h e s e  two 
s t i p u l a t i o n s  c a n  be e a s i l y  v e r i f i e d  i n  t h i s  a n d  o t h e r  e x p e r i ­
m e n t s  i n v o l v i n g  t h e  a l k a l i  m e t a l s .
One o f  t h e  m a j o r  d i f f i c u l t i e s  a r i s i n g  i n  a p u r e l y
q u a n t u m  m e c h a n i c a l  t r e a t m e n t  o f  a t o m i c  i n t e r a c t i o n s  o c c u r s
i n  o p e r a t i o n s  i n v o l v i n g  t h e  r e l a t i v e  c o o r d i n a t e s  o f  t h e
c e n t r e s  o f  m a s s  o f  t h e  c o l l i d i n g  s y s t e m s .  I n  o r d e r  t o  a v o i d
32s u c h  p r o b l e m s ,  Z e n e r  p r e s e n t e d  a t r e a t m e n t  o f  l ow v e l o c i t y  
a t o m i c  c o l l i s i o n s  on  t h e  b a s i s  o f  c l a s s i c a l  c o n c e p t s .  He 
r e p l a c e d  a t o m s  w i t h  s e t s  o f  l i n e a r  o s c i l l a t o r s  i n  t h e  m a n n e r
o f  t h e  c l a s s i c a l  d i s p e r s i o n  t h e o r y .  H i s  f i n a l  e x p r e s s i o n s
31 33i n c l u d e d  t h e  f o r m u l a e  o f  K a l l m a n n  a n d  L o n d o n  a n d  o f  R i c e
a s  s p e c i a l  c a s e s ;  t h e y  a r e ,  h o w e v e r ,  t r a c t a b l e  o n l y  i n  t h e
c a s e  o f  h e a d - o n  c o l l i s i o n s  a n d  a r e  n o t  d i r e c t l y  a p p l i c a b l e
t o  t h e  c a s e  o f  p o t a s s i u m .
Z e n e r  d e r i v e d ,  f r o m  g e n e r a l  c o n s i d e r a t i o n s ,  t h o s e  
f a c t o r s  w h i c h  he c o n s i d e r e d  m o s t  i m p o r t a n t  i n  a t o m i c  c o l l i s i o n  
p r o c e s s e s .  They  w e r e  t h e  r e l a t i v e  v e l o c i t y  a n d  t h e  s h a r p n e s s
18
o f  t h e  p o t e n t i a l  o f  t h e  c o l l i d i n g  p a i r  ( w h i c h  t o g e t h e r  d e t e r ­
mi ne  t h e  i n t e r a c t i o n  t i m e ) ,  t h e  e n e r g y  d e f e c t ,  a n d  t h e  i n t e r ­
a c t i o n  e n e r g y  b e t w e e n  t h e  i n i t i a l  a n d  f i n a l  s t a t e a  o f  t h e  
s y s t e m .  H i s  c o n c l u s i o n s  i n d i c a t e  t h a t  t h e  l o w e r  l i m i t  f o r
t h e  i n t e r a c t i o n  t i m e  i n  c o l l i s i o n s  i n v o l v i n g  p o t a s s i u m  i s
•  1 3a b o u t  10 s e c o n d s .
A more  s o p h i s t i c a t e d  t r e a t m e n t  o f  a t o m i c  c o l l i s i o n s
34was d e v e l o p e d  by  S t u e e k e  1 b e r g  . I t  r e f e r r e d  t o  c o l l i s i o n s
b e t w e e n  a t o m s  o f  t h e  same s p e c i e s  a n d  was  b a s e d  o n  a  p a r t i a l
wave a n a l y s i s  o f  t h e  c o l l i d i n g  s y s t e m s .  H i s  t r e a t m e n t  i n c l u d e d
35a r e s o n a n c e  c u r v e  ( s i m i l a r  t o  t h a t  o f  B a t e s  ) w h i c h  i n d i c a t e d
t h e  v a r i a t i o n  o f  t h e  i n e l a s t i c  c r o s s  s e c t i o n s  w i t h  t h e  e n e r g y
d e f e c t  o f  t h e  c o l l i d i n g  a t o m s .
L i k e  K a l l m a n n  a n d  L o n d o n ,  S t u e c k e l b e r g  d i d  n o t  i n c l u d e
e x c h a n g e  f o r c e s  i n  h i s  t r e a t m e n t .  H i s  m o s t  u s e f u l  t h e o r e t i c a l
p r e d i c t i o n  i s ,  t h a t  c r o s s  s e c t i o n s  i n v o l v i n g  d i p o l e - d i p o l e
- 2 / 3i n t e r a c t i o n s  s h o u l d  v a r y  a s  ( A E )  • i f  v a r i a t i o n s  i n  r e l a ­
t i v e  v e l o c i t i e s  a n d  d i p o l e  s t r e n g t h s  b e t w e e n  s y s t e m s  w i t h  
d i f f e r e n t  e n e r g y  d e f e c t s  a r e  i g n o r e d .
A r e t u r n  t o  t h e  c l a s s i c a l  d e s c r i p t i o n  o f  a t o m i c  c o l l i -
36s i o n s  h a s  r e c e n t l y  b e e n  p r o p o s e d  by J e f i m e n k o .  H i s  m o d e l  i s  
a s i m p l i f i e d  v e r s i o n  o f  a q u a n t u m  m e c h a n i c a l  m o d e l ;  t h e  
a r r a n g e m e n t  o f  t h e  e l e c t r o n s  a b o u t  t h e  n u c l e u s  o f  a n  a t o m  i s  
d e t e r m i n e d  by q u a n t u m  m e c h a n i c a l  r e q u i r e m e n t s ,  b u t  t h e  i n t e r  
a t o m i c  f o r c e s  a r e  a t t r i b u t e d  t o  e l e c t r o s t a t i c  i n t e r a c t i o n s  
b e t w e e n  t h e  known c h a r g e  d i s t r i b u t i o n s .  The m o d e l  i n c l u d e s  
t h e  p o s s i b i l i t y  o f  o v e r l a p  f o r c e s ,  b a s e d  u p o n  t h e  c o n c e p t  o f
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t h e  e x c i t e d  e l e c t r o n  o f  o n e  o f  t h e  c o l l i d i n g  a t o m s  e x i s t i n g
a s  a  f r e e  p a r t i c l e .  A s i m i l a r  i d e a  was  u s e d  p r e v i o u s l y  by 
37F e r m i  i n  h i s  t r e a t m e n t  o f  t h e  b r o a d e n i n g  a n d  s h i f t  o f  h i g h
o r d e r  s p e c t r a l  l i n e s .
P o t e n t i a l  c u r v e s  d e r i v e d  f r o m  t h i s  t h e o r y  w e r e  u s e d
by J e f i m e n k o  i n  h i s  s t u d i e s  o f  t h e  d i s s o c i a t i o n  e n e r g i e s  o f
3 6h o m o n u c l e a r  m o l e c u l e s  a n d  o f  t h e  s a t e l l i t e  b a n d s  i n  t h e
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s p e c t r a  o f  c e s i u m  , r u b i d i u m  a n d  p o t a s s i u m  . The a p p l i ­
c a b i l i t y  o f  J e f i m e n k o ' s  t h e o r y  t o  t h e  p r e s e n t  e x p e r i m e n t  w i l l  
be e x a m i n e d  i n  s e c t i o n  I V .
Time d e p e n d e n t  p e r t u r b a t i o n  t h e o r y  was  r e c e n t l y  
e m p l o y e d  by J o r d a n ^  i n  a  t h e o r e t i c a l  s t u d y  o f  t h e  m i x i n g  o f  
t h e  r e s o n a n c e  s t a t e s  i n  t h e  a l k a l i  m e t a l s  by  c o l l i s i o n s  w i t h  
i n e r t  g a s  a t o m s .  J o r d a n  u s e d  m o d i f i e d  h y d r o g e n i c  wave f u n c ­
t i o n s  a n d  d e r i v e d  t h e  H a m i l t o n i a n  o f  t h e  I n t e r a c t i o n  f r o m  
b o t h  v a n  d e r  W a a l s  a n d  q u a d r u p o l e - i n d u c e d  d i p o l e  (QID)  f o r c e s .  
He o b t a i n e d  t h e  s e l e c t i o n  r u l e s  m - 0  f o r  t h e  v a n  d e r  Waal 
i n t e r a c t i o n  a n d  m ■ 0 ,  12 f o r  t h e  QID i n t e r a c t i o n .  B e n d e r 4 1 , 
u s i n g  H a r t r e e - F o c k  wave f u n c t i o n s ,  d e r i v e d  t h e  same s e l e c t i o n  
r u l e  f o r  v a n  d e r  Waa l s  i n t e r a c t i o n s .  (m i s  t h e  p r o j e c t i o n  o f  
t h e  t o t a l  a n g u l a r  m o m e n t u m , J ,  o f  t h e  a l k a l i  m e t a l  a t o m  on  
t h e  i n t e r - n u c l e a r  a x i s  o f  t h e  c o l l i s i o n  p a r t n e r s . )
J o r d a n  f o u n d  t h a t  t h e  two t y p e s  o f  i n t e r a c t i o n  were  
o f  c o m p a r a b l e  s t r e n g t h  a n d  d e f i n e d  t h e  w e i g h t e d  a v e r a g e  o f  
t h e  two c o l l i s i o n  c r o s s  s e c t i o n s  a s  t h e  e f f e c t i v e  c r o s s  s e c ­
t i o n .  The c r o s s  s e c t i o n s  w e r e  f o u n d  t o  I n c r e a s e  w i t h  t h e  
p o l a r i z a b i I i t i e s  o f  t h e  i n e r t  g a s  a t o m s .  E x p e r i m e n t a l  d e t e r ­
m i n a t i o n s  o f  t h e  m i x i n g  c r o s s  s e c t i o n s  f o r  c o l l i s i o n s  b e t w e e n
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s o d i u m  a n d  a l l  t h e  i n e r t  g a s  a t o m s  a n d  Cor  p o t a s s i u m  w i t h  
h e l i u m ,  n e o n  a n d  a r g o n  w e r e  made by t h e  same a u t h o r  a n d  t h e
r e s u l t s  w e r e  c o m p a r e d  w i t h  t h o s e  p r e d i c t e d  by h i s  t h e o r y .
2More r e c e n t l y ,  J .  C a l l a w a y  a n d  £ .  B a u e r  d e v e l o p e d  a 
g e n e r a l  m e t h o d  f o r  t h e  s t u d y  o f  i n e l a s t i c  c o l l i s i o n s  o f  h e a v y  
p a r t i c l e s  f o u n d e d  o n  t h e  p o s s i b i l i t y  o f  o b t a i n i n g  a c o m p l e t e  
s o l u t i o n  t o  t h e  t i m e - d e p e n d e n t  p e r t u r b a t i o n  t h e o r y .  The 
wave f u n c t i o n s  u s e d  we r e  S l a t e r  d e t e r m i n a n t s  a n d  t h e  i n t e r ­
a c t i o n  was  r e d u c e d  t o  t h e  o n e - e l e c t r o n  c a s e .  The t r e a t m e n t  
was r e s t r i c t e d  t o  t h e  l o n g  r a n g e  I n t e r a c t i o n s  d o m i n a t e d  by 
t h e  s m a l l e s t  n e g a t i v e  p o w e r  o f  t h e  i n t e r - n u c l e a r  s e p a r a t i o n  
a p p e a r i n g  i n  t h e  e f f e c t i v e  p o t e n t i a l .  C r o s s  s e c t i o n s  w e r e  
c a l c u l a t e d  f o r  t h e  s y s t e m s  N a - H e ,  N a - A ,  K-He a n d  K- A,  and
were  f o u n d  t o  be i n  m o d e r a t e  a g r e e m e n t  w i t h  e x p e r i m e n t a l  v a l u e s .
42W. R.  T h o r s o n  p r e s e n t e d  a  t h e o r y  i n v o l v i n g  s t a t i o n ­
a r y  s t a t e s  a n d  p a r t i a l  wave a n a l y s i s  t o  a c c o u n t  f o r  t h e  z e r o -  
o r d e r  e l a s t i c  a n d  f i r s t  o r d e r  i n e l a s t i c  s c a t t e r i n g  i n  s l o w  
a t o m i c  c o l l i s i o n s  b e t w e e n  H a t o m s  a n d  H + i o n s .  U n f o r t u n a t e l y ,  
t h e  a n a l y s i s  i s  n o t  e a s i l y  a p p l i e d  t o  t h e  a t o m i c  s y s t e m s  
w h i c h  a r e  t h e  s u b j e c t  o f  t h e  p r e s e n t  I n v e s t i g a t i o n .
I t  i s  u n f o r t u n a t e  t h a t  m o s t  o f  t h e  e x i s t i n g  t h e o r i e s  
o f  e x c i t a t i o n  t r a n s f e r  a r e  b a s e d  u p o n  n o n - a d i a b a t i c  i n t e r ­
a c t i o n s  o f  s y s t e m s  w i t h  a  v e r y  s m a l l  e n e r g y  d e f e c t ,  / I E .
T h e s e  a s s u m p t i o n s  o f  n e a r - r e s o n a n c e  c o n d i t i o n s  l i m i t  t h e  
a p p l i c a b i l i t y  o f  t h e  t h e o r i e s  t o  t h e  c a s e  o f  s o d i u m ;  t h e  
d e p a r t u r e  f r o m  t h i s  t h e o r e t i c a l  b a s i s  b e c o m e s  g r e a t e r  a s  t h e  
e n e r g y  d e f e c t  i n c r e a s e s  f o r  t h e  h e a v i e r  a l k a l i  m e t a l s .
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The e x i s t e n c e  o f  e x c h a n g e  f o r c e s  i n  c o l l i s i o n s  b e t w e e n  
a t o m s  o f  t h e  same s p e c i e s  h a s  a l s o  b e e n  g e n e r a l l y  i g n o r e d  a n d  
i t  i s  u n l i k e l y  t h a t  c r o s s  s e c t i o n s  c a l c u l a t e d  f r o m  s u c h  
t h e o r i e s  w i l l  be i n  c l o s e  a g r e e m e n t  w i t h  e x p e r i m e n t a l  r e s u l t s .
1 1 1 .  EXPERIMENTAL
A.  D e s c r i p t i o n  o f  t h e  A p p a r a t u s
A t y p i c a l  a r r a n g e m e n t  o f  t h e  a p p a r a t u s  u s e d  t o  s t u d y  
p o t a s s i u m - p o t a s s i u m  a n d  p o t a s s i u m - i n e r t  g a s  c o l l i s i o n s  i s  
shown i n  f i g u r e  2 .  A r a d i o  f r e q u e n c y  a l k a l i  v a p o u r  l a m p ,  
w h i c h  i s  d e s c r i b e d  i n  A p p e n d i x  A ^ t was  u s e d  a s  a  s o u r c e  o f  
r e s o n a n c e  r a d i a t i o n .  The p o t a s s i u m  r e s o n a n c e  l i n e s  e m i t t e d  
by t h e  l amp  w e r e  s e p a r a t e d  by a  g r a t i n g  m o n o c h r o m a t o r  and  
t h e n  p a s s e d ,  i f  n e c e s s a r y ,  t h r o u g h  o n e  o r  more  S p e c t r o l a b  
i n t e r f e r e n c e  f i l t e r s .  They  w e r e  t h e n  b r o u g h t  t o  a f o c u s  i n  
t h e  f l u o r e s c e n c e  c e l l  s i t u a t e d  i n  a n  o v e n  whos e  t e m p e r a t u r e  
was a c c u r a t e l y  c o n t r o l l e d .  The c e l l  c o u l d  be e v a c u a t e d  t o  
a b o u t  1 0 “ 7 t o r r  a n d  c o u l d  be f i l l e d  w i t h  i n e r t  g a s e s  a t  
p r e s s u r e s  up t o  o n e  a t m o s p h e r e .
The f l u o r e s c e n c e  s p e c t r u m  w a s ,  i n  g e n e r a l ,  p a s s e d  
t h r o u g h  a s e c o n d  s e t  o f  i n t e r f e r e n c e  a n d  n e u t r a l  d e n s i t y  
f i l t e r s ,  s c a n n e d  w i t h  a  r e c o r d i n g  s p e c t r o m e t e r ,  a n d  r e g i s t e r e d  
by m e a n s  o f  a n  e l e c t r o m e t e r  a m p l i f i e r  a n d  s t r i p  c h a r t  r e c o r d e r  
o r  by m e a n s  o f  a c o u n t i n g  t r a i n .
( i )  The S p e c t r a l  Lamp
The r a d i o  f r e q u e n c y  l i g h t  s o u r c e ,  w h o s e  d e t a i l e d  
d e s c r i p t i o n  i s  g i v e n  i n  A p p e n d i x  A,  c o n s i s t e d  o f  a c y l i n d r i ­
c a l  p y r e x  t u b e  w h i c h  c o n t a i n e d  a b o u t  0 . 5  gm o f  p o t a s s i u m  i n
-  22  -
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a r e s e r v o i r  a n d  a b o u t  2 t o r r  o f  a r g o n  a s  a b u f f e r  g a s .  The 
t u b e  was p l a c e d  i n  t h e  t a n k  c o i l  o f  a  p u s h - p u l l  p o w e r  o s c i l ­
l a t o r  o p e r a t e d  a t  40  m c / s e c .  The b a s e  o f  t h e  l a m p ,  w h i c h  
c o n t a i n e d  t h e  p o t a s s i u m ,  was  t e m p e r a t u r e  c o n t r o l l e d  t o  e s t a ­
b l i s h  t h e  d e s i r e d  p o t a s s i u m  v a p o u r  p r e s s u r e .  The l amp  e m i t t e d  
p o t a s s i u m  r e s o n a n c e  l i n e s  o f  h i g h  i n t e n s i t y ,  s m a l l  h a l f - w i d t h ,  
a n d  l i t t l e  s e l f - r e v e r s a l .
( i i )  The M o n o c h r o m a t o r  a n d  I n t e r f e r e n c e  F i l t e r s
A B a u s c h  a n d  Lomb g r a t i n g  m o n o c h r o m a t o r  w a s  u s e d ,
j o i n t l y  w i t h  S p e c t r o l a b  i n t e r f e r e n c e  f i l t e r s ,  t o  r e s o l v e  t h e
p o t a s s i u m  r e s o n a n c e  l i n e s .  The m o n o c h r o m a t o r  was  f i t t e d  w i t h
o
a 1 2 0 0  l i n e / m m  g r a t i n g  b l a z e d  a t  7 5 0 0  A i n  t h e  f i r s t  o r d e r ,  
w h i c h  g a v e  a  r e c i p r o c a l  d i s p e r s i o n  o f  16 S / mm.  The f o c a l  
l e n g t h  o f  t h e  i n s t r u m e n t  was  500  mm a n d  t h e  a p e r t u r e  was  f / 4 . 4 .
The t r a n s m i t t e d  i n t e n s i t y  o f  t h e  m o n o c h r o m a t o r  v a r i e d  
l i n e a r l y  w i t h  s l i t  w i d t h ;  f o r  a l l  e x p e r i m e n t a l  r u n s  a w i d t h  
o f  1 . 5 0  mm was  u s e d ,  g i v i n g  a s p e c t r a l  p u r i t y  o f  o n e  p a r t  i n  
2 0 0 0 .
The S p e c t r o l a b  i n t e r f e r e n c e  f i l t e r s  w e r e  u s e d  b o t h  
s i n g l y  a n d  i n  p a i r s  t o  i m p r o v e  t h e  s p e c t r a l  p u r i t y  o f  t h e  
i n c i d e n t  beam a n d  t o  a i d  i n  t h e  r e s o l u t i o n  o f  t h e  f l u o r e s c e n t  
r e s o n a n c e  l i n e s .  The f i l t e r s  w o u l d  a c c e p t  a n  i n c i d e n t  l i g h t  
c o n e  o f  h a l f - a n g l e  6°  b e f o r e  s e r i o u s  l o s s e s  i n  s p e c t r a l  
p u r i t y  s e t  i n .  The f i l t e r s  u s e d  i n  t h e  e x p e r i m e n t s  a r e  t a b u ­
l a t e d  b e l o w ,  w i t h  t r a n s m i s s i o n s  o f  t h e  two r e s o n a n c e  l i n e s  a s  
s p e c i f i e d  by t h e  m a n u f a c t u r e r .
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S e r i a l
Number
T r a n s m i s s i o n  
o f  7 6 6 5  A
T r a n s m i s s i o n  
o f  7 6 9 9  A
1 08 8 5 0 . 6 2 5 0 . 0 0 1 5
1 0 9 75 0 . 6 5 0 ^ 0 . 0 0 1
10897 0 . 0 0 1 5 0 . 5 9 0
10972 0 . 0 0 1 0 . 7 1 0
The t r a n s m i s s i o n s  o f  a l l  t h e  f i l t e r s  w e r e  m e a s u r e d  
i n  s i t u  f o r  e a c h  o f  t h e  e x p e r i m e n t s  s i n c e  t h e  t o l e r a n c e  f o r  
n o n - p a r a l l e l  l i g h t  was v e r y  l o w .
( i i i )  The F l u o r e s c e n c e  C e l l
The d e s i g n  o f  t h e  f l u o r e s c e n c e  c e l l ,  s h ow n  i n  f i g u r e  
3 , was  d i c t a t e d  by t h e  d e s i r e  t o  k e e p  r e a b s o r p t i o n  o f  r e s o n a n c e  
f l u o r e s c e n c e  t o  a n  a b s o l u t e  mi n imum a n d  t h u s  t o  l i m i t  t h e  d i s ­
t a n c e  t h r o u g h  w h i c h  t h e  e x c i t i n g  a n d  t h e  f l u o r e s c e n t  l i g h t  h a d  
t o  t r a v e l  t h r o u g h  t h e  a b s o r b i n g  v a p o u r .  I n  t h e  p r e s e n t  
a r r a n g e m e n t ,  t h e  l i g h t  f r o m  t h e  m o n o c h r o m a t o r  was  f o c u s s e d  
i n  t h e  c o r n e r  f o r m e d  by t h e  f r o n t  a n d  s i d e ,  o r  o b s e r v a t i o n ,  
w i n d o w s  w h i c h  w e r e  made o f  p y r e x  f i l t e r  g l a s s .  As  a  r e s u l t ,  
t h e  maximum d i s t a n c e  b e t w e e n  e i t h e r  wi n d o w a n d  t h e  o b s e r v e d  
r e g i o n  d i d  n o t  e x c e e d  o n e  m i l l i m e t e r .  The I n t e r n a l  f i l t e r ,  
whose  t r a n s m i s s i o n  i n  t h e  i n f r a r e d  was  27., was  i n c l u d e d  t o  
r e s t r i c t  t h e  o p t i c a l  d e p t h  a t  w h i c h  f l u o r e s c e n c e  was  o b s e r v e d .  
Two m o d e l s  o f  t h e  c e l l ,  o n e  w i t h  a n d  o n e  w i t h o u t  t h e  f i l t e r ,  
w e r e  u s e d  a n d  g a v e  i n d i s t i n g u i s h a b l e  e x p e r i m e n t a l  r e s u l t s .
The s i d e  a r m ,  w h i c h  c o n t a i n e d  t h e  l i q u i d  p o t a s s i u m ,  
was  a b o u t  40  mm i n  l e n g t h  a n d  12 mm i n  d i a m e t e r .  T h i s  s h o r t ,  
w i d e  r e s e r v o i r  e n s u r e d  t h a t  t h e  v a p o u r  d e n s i t y  i n  t h e  c e l l
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w o u l d  be d e t e r m i n e d  by t h e  t e m p e r a t u r e  o f  t h e  s i d e  a rm a n d
44w o u l d  n o t  be a l t e r e d  by  m o l e c u l a r  d i f f u s i o n  e f f e c t s .
The c e l l  was  c o u p l e d  t o  t h e  e v a c u a t i n g  a n d  f i l l i n g  
s y s t e m  by a  l e n g t h  o f  c a p i l l a r y  t u b i n g  w h i c h  s u c c e s s f u l l y  
p r e v e n t e d  m i g r a t i o n  o f  t h e  p o t a s s i u m  o u t  o f  t h e  c e l l  o v e r  
h u n d r e d s  o f  h o u r s  o f  o p e r a t i o n  a t  3 7 0 ° K .
( i v )  The O ve n s  a n d  T e m p e r a t u r e  C o n t r o l l e r
The d e t a i l  o f  t h e  o v e n  i s  s h o wn  i n  f i g u r e  4 .  I t  was 
e s s e n t i a l l y  a r e c t a n g u l a r  box  f a b r i c a t e d  o f  t r a n s i t e  b o a r d  
a n d  f i t t e d  w i t h  two b a n k s  o f  C h r o me l  A h e a t i n g  w i r e  ( # 2 6 )  
w i t h  a p a r a l l e l  r e s i s t a n c e  o f  20 o h m s .  Windows f o r  t h e  
i n c i d e n t  l i g h t  w e r e  p r o v i d e d  a t  e a c h  e n d  o f  t h e  o v e n ,  c o a x i a l  
w i t h  t h e  c e l l  w h i c h  was  m o u n t e d  a t  t h e  g e o m e t r i c  c e n t r e  o f  
t h e  o v e n .  An e x i t  w i n d ow  was  p r o v i d e d  f o r  t h e  o b s e r v a t i o n  
o f  t h e  f l u o r e s c e n t  s p e c t r u m .
The s i d e  a r m o f  t h e  c e l l  p r o t r u d e d  f r o m  t h e  b a c k  
w a l l  o f  t h e  m a i n  o v e n  i n t o  t h e  s i d e  o v e n ,  w h i c h  c o n s i s t e d  o f  
a c y l i n d r i c a l  b r a s s  t u b e  m a c h i n e d  t o  f i t  t h e  s i d e  a rm s n u g l y  
w i t h  t h e  a i d  o f  s p r i n g  b r o n z e  s p a c e r s .  The h i g h  t h e r m a l  
c a p a c i t y  a n d  c o n d u c t i v i t y  o f  t h e  b r a s s  e n s u r e d  a  u n i f o r m  
a n d  s t a b l e  t e m p e r a t u r e  a l o n g  t h e  l e n g t h  o f  t h e  s i d e  a r m .
I t  was  e s s e n t i a l  t h a t  t h e  t e m p e r a t u r e s  o f  t h e  two 
o v e n s  r e m a i n  s t a b l e  o v e r  l o n g  p e r i o d s  o f  t i m e ,  e s p e c i a l l y  
i n  t h e  c a s e  o f  t h e  s i d e  o v e n ,  whose  t e m p e r a t u r e  d e t e r m i n e d  
t h e  p o t a s s i u m  v a p o u r  p r e s s u r e .  Some a v a i l a b l e  t e m p e r a t u r e  
c o n t r o l l e r s  o f  t h e  c y c l i n g  t y p e  w e r e  t e s t e d  a n d  p r o v e d  u n ­
s a t i s f a c t o r y .  F o r  t h e s e  r e a s o n s ,  a  s e n s i t i v e  p r o p o r t i o n a l
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t e m p e r a t u r e  c o n t r o l l e r  was  d e v e l o p e d .
T h i s  c o n t r o l l e r ,  whose  o p e r a t i o n  i s  d e p i c t e d  s c h e m a ­
t i c a l l y  i n  f i g u r e  5 ,  i s  e s s e n t i a l l y  a m a g n e t i c  a m p l i f i e r  w h i c h  
i n c o r p o r a t e s  a t h e r m i s t o r  a s  a  t e m p e r a t u r e - s e n s i n g  e l e m e n t  
i n  a  n e g a t i v e  f e e d  b a c k  l o o p .  As t h e  t h e r m i s t o r  r e s i s t a n c e  
v a r i e s  w i t h  t e m p e r a t u r e ,  t h e r e  i s  a  p r o p o r t i o n a l  v a r i a t i o n  
i n  t h e  v o l t a g e  d r o p  a c r o s s  i t .  T h i s  v o l t a g e  v a r i a t i o n  i s  
a p p l i e d  t o  t h e  b a s e  o f  a  g r o u n d e d  e m i t t e r  a m p l i f i e r  t o  p r o ­
d u c e  a n  a m p l i f i e d  o u t - o f - p h a s e  s i g n a l  w h i c h  i s  f e d  i n t o  a 
c u r r e n t  g a i n  s t a g e .  The c u r r e n t  o u t p u t  o f  t h e  f i n a l  s t a g e  
i s  f e d  i n t o  t h e  D . C .  c o i l s  o f  a s a t u r a b l e  c o r e  r e a c t o r  whose
A . C .  c u r r e n t  o u t p u t  s e r v e s  t o  h e a t  t h e  o v e n s .
F i g u r e  6 i s  a  c i r c u i t  d i a g r a m  o f  o n e  o f  t h e  c o n t r o l  
a m p l i f i e r s  w h i l e  f i g u r e  7 s h o w s  t h e  c o m p l e t e  c i r c u i t  o f  t h e  
c o n t r o l l e r .  I f  t h e  s e n s i t i v i t y  o f  t h e  c o n t r o l  c i r c u i t  a t  
c o n s t a n t  g a i n  i s  d e f i n e d  a s  d V ' / d T  w h e r e  V'  i s  t h e  v o l t a g e  
on t h e  b a s e  o f  TR^ a n d  T i s  t h e  t e m p e r a t u r e  i n  d e g r e e s  C e l ­
s i u s ,  and  i f  we a s s u m e  t h a t  c h e  r e s i s t a n c e  R^ ♦ P j  i s  so 
s m a l l  t h a t  t h e  v o l t a g e  Vq d o e s  n o t  c h a n g e ,  t h e n :
dV* V0 r  d RT (T)
dT ( r  ♦ RT ( T ) ) 2 dT
( 2 5 )
w h e r e  r  i s  t h e  r e s i s t a n c e  o f  P 2 . E q u a t i o n  ( 2 5 )  may be r e ­
w r i t t e n  a s  f o l l o w s  i n  t e r m s  o f  t h e  t e m p e r a t u r e  c o e f f i c i e n t  
o f  r e s i s t a n c e , o ( , o f  t h e  t h e r m i s t o r :
dV* o<V0 r R T (T)
dT ( R x ( T ) + r ) 2
( 2 6 )
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1 dRT( T)
w h e r e  o< -  — —. — —— E q u a t i o n  ( 2 6 )  may be r e g a r d e d  a s  
Rt ( T)  dT
t h e  b a s i c  d e s i g n  e q u a t i o n  f o r  t h e  c o n t r o l  a m p l i f i e r .
F o r  o p t i m u m  s t a b i l i t y  a n d  p r o t e c t i o n  f r o m  t h e r m a l  
d r i f t ,  t h e  a m p l i f i e r  c o m p o n e n t s  w e r e  m o u n t e d  o n  a w a t e r - c o o l e d  
h e a t  f i n  a n d  t h e  c u r r e n t  t h r o u g h  t h e  t h e r m i s t o r s  was  k e p t  low 
t o  e l i m i n a t e  s e 1 f - h e a t i n g . The u n i t s  w h i c h  w e r e  u s e d  had  a n  
o v e r a l l  p o w e r  g a i n  o f  1 0 ^ :  t h e  p o w e r  g a i n  o f  t h e  r e a c t o r s
was a b o u t  3 0 ,  f o r  a maximum c o n t r o l l e d  o u t p u t  o f  200 w a t t s .
T h r o u g h o u t  t h e  e x p e r i m e n t s ,  t h e  c o n t r o l l e r  m a i n t a i n e d  
t h e  s i d e  o v e n  w i t h i n  ± 0 . 1 ° C  a n d  t h e  m a i n  o v e n ,  w h i c h  was  n o t  
a s  w e l l  i n s u l a t e d ,  w i t h i n  ± 1 . 0 ° C .  The t e m p e r a t u r e  c o n t r o l l e r  
was i n s e n s i t i v e  t o  l i n e  v o l t a g e  f l u c t u a t i o n s  o f  up t o  20%.
( v)  The E v a c u a t i n g  a n d  F i l l i n g  S y s t e m
The v a c u u m  s y s t e m  was  c o n s t r u c t e d  o f  p y r e x  g l a s s  a n d  
c o n t a i n e d  n o  m e t a l  s e c t i o n s  w i t h  w h i c h  t h e  i n e r t  g a s e s  m i g h t  
come i n t o  c o n t a c t .  Vacuum was  a t t a i n e d  by m e a n s  o f  a n  E d w a r d s  
m o d e l  1SC50B r o t a r y  pump f i t t e d  w i t h  a 2A n o n - r e t u r n  v a l v e  and  
an E d w a r d s  mode l  £ 0 - 2  d i f f u s i o n  pump o p e r a t e d  w i t h  Dow C o r n i n g  
704 S i l i c o n e  p u m p i n g  f l u i d .  T h i s  c o m b i n a t i o n  was  c a p a b l e  o f  
v a c u a  o f  t h e  o r d e r  o f  10**^ t o r r  o r  b e t t e r .  The pumps  w e r e  
p r o t e c t e d  f r o m  c o o l i n g  w a t e r  and  p o w e r  f a i l u r e s  by a  r e l a y  
s y s t e m  b u i l t  a r o u n d  a n  FSM-1 F l o w t r o l  u n i t .
The p r e s s u r e  m e a s u r i n g  d e v i c e s  u s e d  w i t h  t h i s  s y s t e m  
a r e  t a b u l a t e d  b e l o w ,  a l o n g  w i t h  t h e i r  a p p r o x i m a t e  u s e f u l  
p r e s s u r e  r a n g e s .
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D e v i  ce
L o w e r
P r e s s u r e
( t o r r )
Up p e r
P r e s s u r e
( t o r r )
M e r c u r y  M a n o m e t e r 10 500
O i l  M a n o m e t e r  ( 7 0 4  S i l i c o n e ) 0 . 5 30
LKB A u t o v a c  Gauge  ( T y p e  3294B) 1 0 “ 3 2 . 0
E d w a r d s  P i r a n i  Gauge Mo d e l  8 / 2 1 0 “ 4 0 . 1
CVC I o n i z a t i o n  Gauge  Type  G1C-110A 
( w i t h  B a y a r d - A l p e r t  h e a d ) 1 0 " 9 1 0 " 3
F o r  wor k  a t  v e r y  l ow p r e s s u r e s ,  t h e  E d w a r d s  g a u g e  
was c o n s i d e r e d  more  p r e c i s e  t h a n  t h e  LKB g a u g e ,  s i n c e  i t  
e m p l o y e d  a  m e a s u r i n g  h e a d  c o n s i s t i n g  o f  f o u r  P i r a n i  u n i t s  i n  
a W h e a t s t o n e  b r i d g e  c i r c u i t .  Two o f  t h e s e  h e a d s  w e r e  s e a l e d  
o f f  a t  h i g h  v ac u um  t o  p r o v i d e  a  s t a b l e  z e r o  p r e s s u r e  rc f e r -  
e n c e  w h i c h  was  n o t  s e n s i t i v e  t o  f l u c t u a t i o n s  i n  a m b i e n t  
t e m p e r a t u r e .  The E d w a r d s  g a u g e  was c a l i b r a t e d  w i t h  a CVC 
McLeod g a u g e  t y p e  GM-100A.  I t  was  f o u n d  t h a t  t h e  c a l i b r a t i o n  
c u r v e s  s u p p l i e d  by t h e  E d w a r d s  Company we r e  a c c u r a t e  w i t h i n  
t h e  e x p e r i m e n t a l  e r r o r  f o r  a i l  t h e  I n e r t  g a s e s  w i t h  t h e  e x c e p ­
t i o n  o f  h e l i u m  p r e s s u r e s  w h i c h  s howed  a  c o n s t a n t  d i f f e r e n c e  
o f  10%.  The McLeod g a u g e  was  n o t  u s e d  d u r i n g  t h e  e x p e r i m e n t s  
t o  p r e v e n t  t h e  p o s s i b l e  c o n t a m i n a t i o n  o f  t h e  va c uum s y s t e m  
w i t h  m e r c u r y .
( v i )  The S p e c t r o m e t e r  a n d  R e c o r d i n g  S y s t e m s
D u r i n g  t h e  e x p e r i m e n t s  w i t h  i n e r t  g a s e s ,  a  m o d i f i e d  
P e r k i n - E l m e r  mo d e l  112 s p e c t r o m e t e r  w a s  e m p l o y e d .  The i n s t r u ­
me n t  was  f i t t e d  w i t h  a B a u s c h  a n d  Lomb 1200 l i n e s / m m  p l a n e
33
o
r e p l i c a  g r a t i n g  b l a z e d  a t  7 300  A.  T h i s  a r r a n g e m e n t ,  w h i c h
had  a n  a p e r t u r e  o f  f / 4 ,  p r o d u c e d  a r e c i p r o c a l  d i s p e r s i o n  o f  
o
13 A/mm.  The e n t r a n c e  a n d  e x i t  s l i t s  o f  t h e  i n s t r u m e n t  we re  
m a i n t a i n e d  a t  0 . 8 0  mm, w h i c h  g a v e  s u f f i c i e n t  r e s o l u t i o n  c o n ­
s i s t e n t  w i t h  t r a n s m i t t e d  I n t e n s i t i e s  a d e q u a t e  f o r  e x p e r i m e n t s  
w i t h  i n e r t  g a s  p r e s s u r e s  a b o v e  a f ew  t e n t h s  o f  a  t o r r .  At  
l o w e r  g a s  p r e s s u r e s ,  S p e c t r o l a b  i n t e r f e r e n c e  f i l t e r s  w e r e  
p l a c e d  i n  s e r i e s  w i t h  t h e  s p e c t r o m e t e r ,  r e s u l t i n g  i n  a t o t a l  
s p e c t r a l  p u r i t y  o f  t h e  p o t a s s i u m  r e s o n a n c e  l i n e s  o f  o n e  p a r t  
i n  10 ^  o r  b e t t e r .
An e x t e r n a l  d e t e c t i o n  s y s t e m  was  f i t t e d  t o  t h e  s p e c t r o ­
m e t e r ,  c o n s i s t i n g  o f  an  I . T . T .  FW118 p h o t o m u l t i p l i e r  t u b e  
h o u s e d  i n  a  l i q u i d  a i r  c o o l e d  c r y o s t a t ,  d e s c r i b e d  by K r a u s e  
a n d  N e v i l l e ^ .  The p h o t o t u b e  was a  1 6 - s t a g e  d e v i c e  w i t h  an
S —1 (Ag— 0 — Cs)  p h o t o c a t h o d e  3 mm i n  d i a m e t e r ,  w h i c h  h a d  a
o
p e a k  s e n s i t i v i t y  c e n t r e d  a r o u n d  8 0 0 0  A.  The t u b e  was o p e r a t e d  
a t  1 . 8  k i l o v o l t s ,  s u p p l i e d  by a F l u k e  413C p ow e r  s u p p l y ,  d u r ­
i n g  a l l  e x p e r i m e n t a l  r u n s .
I n  t h e  e x p e r i m e n t s  i n v o l v i n g  p u r e  p o t a s s i u m  v a p o u r ,  
t h e  s p e c t r o m e t e r  was  e l i m i n a t e d  b e c a u s e  o f  i t s  r e l a t i v e l y  low 
t r a n s m i s s i o n .  An i m p r o v e d  v e r s i o n  o f  t h e  c r y o s t a t - p h o t o t u b e  
c o m b i n a t i o n  was  u s e d  i n  c o n j u n c t i o n  w i t h  two S p e c t r o l a b  i n t e r ­
f e r e n c e  f i l t e r s  i n  s e r i e s  w i t h  o n e  a n o t h e r .
The s i g n a l  f r o m  t h e  p h o t o m u l t i p l i e r  was  f e d  i n t o  a 
V i c t o r e e n  VTE-2 e l e c t r o m e t e r  o r  a K e i t h l e y  603 e l e c t r o m e t e r  
a m p l i f i e r .  The a m p l i f i e d  D . C .  o u t p u t  was  t h e n  r e c o r d e d  by a 
P h i l i p s  s t r i p  c h a r t  r e c o r d e r .  A l t e r n a t i v e l y ,  f o r  weak s i g n a l s ,
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Che p h o t o t u b e  o u t p u t  was  f e d  d i r e c t l y  i n t o  a  P h i l i p s  c o u n t i n g  
t r a i n  w h i c h  i n c l u d e d  a p o w e r  s u p p l y ,  a t h r e s h o l d  d i s c r i m i n a ­
t o r ,  a n d  a s e v e n - d e c a d e  v i s u a l  r e a d  o u t  s c a l e r .
B.  E x p e r i m e n t a l  P r o c e d u r e
E a c h  f l u o r e s c e n c e  c e l l  was t h o r o u g h l y  c l e a n e d  b e f o r e  
u s e  w i t h  a  p o t a s s i u m  d i c h r o m a t e  c l e a n i n g  s o l u t i o n  f o l l o w e d  by 
d i s t i l l e d  w a t e r .  The c e l l  was  t h e n  p a i n t e d  w i t h  a q u a d a g ,  
p o s i t i o n e d  i n  t h e  o v e n ,  and  s e a l e d  t o  t h e  v a c u um  s y s t e m  a t  
t h e  c a p i l l a r y  a n d  s i d e  a r m .  The s i d e  a r m c o n t a i n e d  a s e a l e d  
p y r e x  a m p o u l e  o f  9 9 . 95 % p u r e  p o t a s s i u m  ( 0 . 5  t o  1 . 0  gm) w h i c h  
was  o b t a i n e d ,  s e a l e d  u n d e r  v a c u u m i n  g l a s s  c o n t a i n e r s ,  f r o m  
t h e  A . D .  Mackay  Company o f  New Y o r k .
The c e l l  was  o u t g a s s e d  f o r  s e v e r a l  d a y s  a t  200° C and  
a t  a p r e s s u r e  n o t  h i g h e r  t h a n  10”  ^ t o r r .  A f t e r  o u t g a s s l n g ,  
t h e  a m p o u l e  was  b r o k e n  a n d  t h e  p o t a s s i u m  was  d i s t i l l e d  i n t o  
t h e  c e l l ;  t h e  s i d e  a r m was t h e n  s e a l e d  a n d  c u t  o f f  a t  a b o u t  
4 cm f r o m  t h e  c e 11 .
Once  p o t a s s i u m  was a d m i t t e d  t o  t h e  c e l l ,  t e m p e r a t u r e s
i n  t h e  m a i n  o v e n  w e r e  k e p t  b e l o w  1 5 0 ° C  t o  l i m i t  t h e  c o r r o s i v e
2 2a c t i o n  o f  t h e  p o t a s s i u m  on t h e  p y r e x  , w h i c h  s e e m s  t o  c o n ­
s i s t  o f  a s i m p l e  r e p l a c e m e n t  o f  s o d i u m  i n  t h e  g l a s s  by p o t a s ­
s i u m  a n d  r e s u l t s  i n  a n  o p a q u e  b r own  d e p o s i t .  An a n a l y s i s  o f  
t h e  d e p o s i t  s h o we d  t h a t  i t  c o n s i s t e d  l a r g e l y  o f  s i l i c o n  a n d  
p o t a s s i u m .  T h e r e  w e r e  a l s o  s m a l l  q u a n t i t i e s  o f  i r o n ,  a l u m i n u m ,  
b o r o n  a n d  s o d i u m ,  w h i c h  a r e  c o n s t i t u e n t s  o f  t h e  g l a s s .  On
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e x p o s u r e  t o  a i r ,  t h e  d e p o s i t  t u r n e d  w h i t e ,  s u g g e s t i n g  a i r  
o x i d a t i o n  o r  h y d r a t i o n  o f  u n s t a b l e  c o m p o u n d s .  The d e p o s i t  
was n o t  f o r m e d  a t  t e m p e r a t u r e s  b e l o w  1 5 0 ° C .
The i mage  o f  t h e  e x i t  s l i t  o f  t h e  m o n o c h r o m a t o r  was  
f o c u s s e d  c l o s e  t o  t h e  e x i t  w i nd o w o f  t h e  c e l l  i n  s u c h  a way 
t h a t  no r e f l e c t i o n s  o c c u r r e d .  The s i d e  o v e n  was  p l a c e d  o v e r  
t h e  s i d e  a r m  o f  t h e  c e l l  a n d  was  e n c l o s e d  by a n  a l u m i n u m  
h e a t  s h i e l d  p a c k e d  w i t h  g l a s s  w o o l .  T h e r m i s t o r s  w e r e  f a s t e n e d  
w i t h  a s b e s t o s  c e m e n t  t o  t h e  m a i n  b o d y  o f  t h e  c e l l  a n d  t o  t h e  
s i d e  a r m .
C h r o m e l - a l u m e l  t h e r m o c o u p l e s  w e r e  a t t a c h e d  t o  t h e  c e l l  
c l o s e  t o  t h e  t h e r m i s t o r s .  T h e s e  w e r e  u s e d ,  i n  c o n j u n c t i o n  
w i t h  a L e e d s  a n d  N o r t h r u p  8686  m i l l i v o l t  p o t e n t i o m e t e r  t o  mea­
s u r e  t h e  t e m p e r a t u r e s .
The v a p o u r  p r e s s u r e  o f  t h e  p o t a s s i u m  was  o b t a i n e d
f r o m  t h e  t e m p e r a t u r e  o f  t h e  s i d e  o v e n  by u s i n g  t h e  e m p i r i c a l
46f o r m u l a  o f  D i t c h b u r n  a n d  G i l m o u r  :
l o g 10P ( t o r r )  -  ~- ~ 32 -  0 . 5  l o g l 0 T ( °K )  ♦ 8 . 7 9 3  . (27 )
T ( K)
The p r e s s u r e  o f  b o t h  p o t a s s i u m  v a p o u r  a n d  o f  i n e r t  g a s e s  was 
r e l a t e d  t o  t h e  n u m b e r  o f  a t o m s  p e r  cm by t h e  f o l l o w i n g  e q u a ­
t i o n  w h i c h  f o l l o w s  f r o m  k i n e t i c  t h e o r y :
N ( a t o m s / c c )  -  x 9 . 6 5 6  x 1 0 18 . ( 2 8 )
T ( K)
I n  t h e  c a s e  w h e r e  t h e  s i d e  a r m  o f  t h e  c e l l  i s  l o n g  
a n d  n a r r o w ,  t h e  r a t i o  o f  t h e  v a p o u r  p r e s s u r e  i n  t h e  m a i n  body  
o f  t h e  c e l l ,  p/ , t o  t h e  v a p o u r  p r e s s u r e  i n  t h e  s i d e  a r m ,  P ,
w h e r e  T a n d  T a r e  t h e  c o r r e s p o n d i n g  a b s o l u t e  t e m p e r a t u r e s  
o f  t h e  two s e c t i o n s  o f  t h e  c e l l .  I f ,  h o w e v e r ,  t h e  mean f r e e  
p a t h  o f  t h e  p o t a s s i u m  a t o m s  i s  g r e a t e r  t h a n  t h e  d i a m e t e r  o f  
t h e  s i d e  a r m ,  t h e  two p r e s s u r e s  w i l l  be e q u a l .  I t  c a n  be 
shown  t h a t  w i t h  t h e  p r e s e n t  d i a m e t e r  o f  t h e  s i d e  a r m ( 12  mm) 
t h e  p r e s s u r e s  P a n d  9* a r e  e q u a l  up t o  a b o u t  2 x 10~'* t o r r .
I n  a d d i t i o n ,  T a n d  T* d i f f e r e d  by o n l y  2 0 ° K ,  s o  t h a t  t h e
_3
maximum e r r o r  i n  v a p o u r  p r e s s u r e  a b o v e  2 x 10 t o r r  w i l l  o n l y  
be two  o r  t h r e e  p e r c e n t .
The s p e c t r o s c o p i c a l l y  p u r e  i n e r t  g a s e s  u s e d  i n  t h e s e  
e x p e r i m e n t s  w e r e  o b t a i n e d  i n  o n e  l i t r e  p y r e x  b u l b s  f r o m  t h e  
L i n d e  Compa ny ,  T o n a w a n d a  » M.Y.  The g a s e s  w e r e  a d m i t t e d  t o  
t h e  c e l l  a n d  t o  t h e  m a n o m e t r i c  s e c t i o n s  o f  t h e  v a c u um  s y s t e m  
by m e a n s  o f  a  s t o p c o c k  f i t t e d  w i t h  a n  e x t r e m e l y  f i n e  g l a s s  
o r i f i c e .  The p r e s s u r e s  o f  k r y p t o n  a n d  x e n o n  w e r e  more  e a s i l y  
c o n t r o l l e d  by e v a p o r a t i n g  t h e m f r o m  a  l i q u i d  a i r  t r a p  a t t a c h e d  
t o  t h e  s u p p l y  b u l b s .
W h e n e v e r  t h e  m e r c u r y  m a n o m e t e r  was  u s e d ,  i t  was 
o p e n e d  t o  t h e  v a c u u m  s y s t e m  o n l y  when  a f e w  t o r r  o f  g a s  w e r e  
p r e s e n t  i n  t h e  s y s t e m .  I t  was  a l w a y s  e x h a u s t e d  w i t h  t h e  c e l l  
c u t  o f f  f r o m  t h e  s y s t e m ;  t h e  s y s t e m  was t h e n  c l e a n e d  o f  a n y  
c o n t a m i n a t i n g  m e r c u r y  v a p o u r  by p u m p i n g  i t  down t o  v e r y  l ow 
p r e s s u r e s  f o r  s e v e r a l  h o u r s  b e f o r e  t h e  c e l l  was  r e o p e n e d .  I n  
t h i s  w a y ,  m e r c u r y  c o n t a m i n a t i o n  o f  t h e  p o t a s s i u m  was  a v o i d e d .
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T h r o u g h o u t  t h e  i n e r t  g a s  e x p e r i m e n t s ,  t h e  m a i n  o v e n
was m a i n t a i n e d  a t  95 1 i ° C  a n d  t h e  s i d e  o v e n  a t  7 5 . 0 ± 0 . 1 ° C .
The d e s i r e d  a m o u n t  o f  g a s  w a s  a d m i t t e d  t o  t h e  c e i l  and
s u f f i c i e n t  t i m e  was  a l l o w e d  f o r  e q u i l i b r i u m  t o  be e s t a b l i s h e d .
One o f  t h e  r e s o n a n c e  l i n e s  was  t h e n  made i n c i d e n t  on  t h e
m e t a l - g a s  m i x t u r e ,  a n d  t h e  f l u o r e s c e n c e  s p e c t r u m  was s c a n n e d
by t h e  P e r k i n - E l m e r  s p e c t r o m e t e r .  The o t h e r  r e s o n a n c e  l i n e
was t h e n  made i n c i d e n t ,  a n d  t h e  p r o c e d u r e  was r e p e a t e d  a t
l e a s t  f o u r  t i m e s .  The a v e r a g e  i n t e n s i t y  r a t i o s  ^  a n d
were  o b t a i n e d  f r o m  t h e  p e a k  h e i g h t s  r e g i s t e r e d  by t h e  s t r i p
c h a r t  r e c o r d e r .  T h e s e  v a l u e s ,  l a t e r  u s e d  i n  e q u a t i o n s  ( 8 )
and  ( 9 )  t o g e t h e r  w i t h  t h e  l i f e t i m e  ( 2 . 6  x 1 0 ’ ® s e c  -  L a n d o l t -  
47B o r n s t e i n  ) t o  c a l c u l a t e  c o l l i s i o n  n u m b e r s ,  r e p r e s e n t  t h e  
b a s i c  e x p e r i m e n t a l  r e s u l t s .
A t  low g a s  p r e s s u r e s  ( b e l o w  0 . 2  t o r r ) ,  S p e c t r o l a b  
i n t e r f e r e n c e  f i l t e r s  w e r e  u s e d  i n  s e r i e s  w i t h  t h e  s p e c t r o ­
m e t e r  t o  i n c r e a s e  t h e  r e s o l u t i o n  o f  t h e  r e s o n a n c e  l i n e s .  I n  
t h i s  c a s e  t h e  s p e c t r u m  was  n o t  s c a n n e d ,  b u t  t h e  w a v e l e n g t h  
d r i v e  o f  t h e  s p e c t r o m e t e r  was  s e t  o n  t h e  p e a k s  o f  t h e  two 
r e s o n a n c e  l i n e s  i n  t u r n ;  t h e  o u t p u t  o f  t h e  p h o t o m u l t i p l i e r  
was r e c o r d e d  w i t h  t h e  P h i l i p s  c o u n t i n g  t r a i n .  I n t e n s i t y  
p r o f i l e s  w e r e  p l o t t e d  a s  a f u n c t i o n  o f  w a v e l e n g t h  d r i v e  p o s i ­
t i o n ,  b o t h  w i t h  a n d  w i t h o u t  t h e  i n t e r f e r e n c e  f i l t e r s .  T h i s  
was d o n e  t o  e n s u r e  t h a t  t h e  w a v e l e n g t h  d r i v e  c o u l d  be p o s i ­
t i o n e d  e x a c t l y  on  t h e  p e a k s  o f  t h e  r e s o n a n c e  l i n e s  a n d  t h a t  
no s h i f t  o f  t h e  p e a k s  w o u l d  o c c u r  b e c a u s e  o f  t h e  i n s e r t i o n  
o f  t h e  f i l t e r s .
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The r a t i o  o f  t h e  t r a n s m i s s i o n s  o f  t h e  two f i l t e r s  was  
m e a s u r e d  i n  p r e f e r e n c e  t o  m e a s u r i n g  t h e i r  i n d i v i d u a l  t r a n s ­
m i s s i o n s .  At  a h i g h  g a s  p r e s s u r e  ( 5 - 1 0  t o r r )  t h e  t r u e  ^  v a l u e s  
we r e  m e a s u r e d  w i t h o u t  f i l t e r s ,  t h e n  t h e  m e a s u r e m e n t s  w e r e  r e ­
p e a t e d  w i t h  t h e  f i l t e r s  i n  p l a c e .  The n o r m a l i z i n g  f a c t o r  u s e d  
t o  b r i n g  t h e  ^  v a l u e s  m e a s u r e d  u s i n g  f i l t e r s  i n t o  a g r e e m e n t  
w i t h  t h e  t r u e  ^  v a l u e s  w a s  t a k e n  t o  be t h e  r a t i o  o f  f i l t e r  
t r a n s m i s s i o n s .  T h i s  t e c h n i q u e  was  l e s s  l i a b l e  t o  s y s t e m a t i c  
e r r o r s  t h a n  t h e  m e a s u r e m e n t  o f  t h e  s e p a r a t e  t r a n s m i s s i o n s .
I n  t h e  e x p e r i m e n t s  w i t h  p u r e  p o t a s s i u m ,  t h e  s p e c t r o ­
m e t e r  was  r e p l a c e d  by a  c r y o s t a t  c o n t a i n i n g  a n  I . T . T .  FW118 
p h o t o m u l t i p l i e r  i n  o r d e r  t o  i n c r e a s e  t h e  i n t e n s i t y  o f  t h e  
f l u o r e s c e n t  l i g h t  s i g n a l s :  t h e  ^  v a l u e s  w e r e  e x p e c t e d  t o  be
s m a l l  i n  t h e  v a p o u r  p r e s s u r e  r e g i o n  w h i c h  wa s  o f  i n t e r e s t .
Two S p e c t r o l a b  i n t e r f e r e n c e  f i l t e r s  w e r e  p l a c e d  i n  s e r i e s
w i t h  t h e  m o n o c h r o m a t o r  t o  g i v e  a  s p e c t r a l  p u r i t y  i n  t h e  i n c i -
9
d e n t  beam o f  o n e  p a r t  i n  10 .
The  f l u o r e s c e n c e  s p e c t r u m  was  a n a l y z e d  by  m e a n s  o f  
a n o t h e r  p a i r  o f  i n t e r f e r e n c e  f i l t e r s  w h i c h  t r a n s m i t t e d  o n l y  
s e n s i t i z e d  f l u o r e s c e n c e .  The i n t e n s i t y  o f  t h e  l a t t e r  was  
r e g i s t e r e d  by t h e  P h i l i p s  c o u n t i n g  t r a i n  a n d  t h e  b a c k g r o u n d  
n o i s e  was  m o n i t o r e d  w i t h  t h e  i n c i d e n t  beam o f  r e s o n a n c e  
r a d i a t i o n  c u t  o f f .  The t o t a l  f l u o r e s c e n t  i n t e n s i t y  was  t h e n  
m e a s u r e d  u s i n g  a  n e u t r a l  d e n s i t y  f i l t e r  I n  t h e  f l u o r e s c e n t  
beam t o  a v o i d  o v e r l o a d i n g  t h e  s c a l e r ,  w h o s e  d e a d  t i m e  was  
a b o u t  o n e  m i c r o s e c o n d .  The t r a n s m i s s i o n s  o f  t h e  i n t e r f e r e n c e  
f i l t e r s  a n d  n e u t r a l  d e n s i t y  f i l t e r s  w e r e  m e a s u r e d  i n  s i t u ,  
u s i n g  p o t a s s i u m  f l u o r e s c e n t  l i g h t  a t  v e r y  l o w  v a p o u r  p r e s s u r e s .
IV .  RESULTS AND DISCUSSION
A .  I n v e s t i g a t i o n  o f  E f f e c t s  Due t o  t h e  I  o r i s o n m e n t  o f  
R a d i a t i o n
When r e s o n a n c e  r a d i a t i o n  i s  made i n c i d e n t  on  a  s a m p l e  
o f  p o t a s s i u m  v a p o u r ,  t h e  i n t e n s i t y  o f  r e s o n a n c e  f l u o r e s c e n c e  
s h o u l d  i n c r e a s e  l i n e a r l y  w i t h  t h e  d e n s i t y  o f  t h e  v a p o u r .
T h i s  b e h a v i o u r  w o u l d  be e x p e c t e d  a t  v e r y  l ow v a p o u r  d e n s i t i e s ,  
a t  w h i c h  t h e  mean f r e e  p a t h  o f  a  p h o t o n  i s  g r e a t e r  t h a n  t h e  
d i s t a n c e  o f  t h e  f l u o r e s c i n g  v a p o u r  e l e m e n t  f r o m  t h e  w i n d o w .
Any d e v i a t i o n  f r o m  l i n e a r i t y  w i l l  be d u e  t o  r e a b s o r p t i o n ,  
p r o v i d e d  t h a t  no c o m p l i c a t i n g  p r o c e s s e s ,  s u c h  a s  q u e n c h i n g ,  
t a k e  p l a c e .
I f  o n l y  o n e  c o m p o n e n t  o f  t h e  r e s o n a n c e  d o u b l e t  a t  a 
t i m e  i s  u s e d  t o  i r r a d i a t e  t h e  v a p o u r ,  t h e  o n s e t  o f  r a d i a t i o n  
t r a p p i n g  w i l l  o c c u r  a t  d i f f e r e n t  v a p o u r  d e n s i t i e s  f o r  t h e  
two c o m p o n e n t s .  T h e s e  d e n s i t i e s  w i l l ,  i n  f a c t ,  be i n  t h e  
r e c i p r o c a l  r a t i o  o f  t h e  r e s p e c t i v e  o s c i l l a t o r  s t r e n g t h s ,  a s  
may be s h o w n  by t h e  f o l l o w i n g  a r g u m e n t .
L e t  1} a n d  I 2 be t h e  o b s e r v e d  i n t e n s i t i e s  o f  t h e  
o o
7699  A a n d  7 6 6 5  A f l u o r e s c e n t  c o m p o n e n t s ,  r e s p e c t i v e l y ,  a n d  
I ®  a n d  I 2* t h e  f l u o r e s c e n t  i n t e n s i t i e s  e m i t t e d  by a  v o l u m e  
e l e m e n t  i n  t h e  v a p o u r  a t  a  d e p t h  x ,  w h i c h  w o u l d  be o b s e r v e d  
i f  n o  r e a b s o r p t i o n  w e r e  t a k i n g  p l a c e .  The i n t e n s i t i e s  o f  
b o t h  l i n e s  a r e  a t t e n u a t e d  e x p o n e n t i a l l y  a c c o r d i n g  t o  t h e
-  39  -
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f o l l o w i n g  e q u a t i o n s :
0 - x k ,
I X -  I f  e 1 , ( 29 )
a n d  .n - x k 2
12 -  I 2 e » 0 0 }
w h e r e  a n d  k 2 a r e  t h e  i n t e g r a t e d  a b s o r p t i o n  c o e f f i c i e n t s :
k 1 , 2  "  | k ( | / l , 2 >  d ^ l , 2  "  N f l , 2  • ( 3 I )
3
N i s  t h e  v a p o u r  d e n s i t y  i n  a t o m s / c m  a n d  f ^  a n d  f j  s r e  t h e  
o s c i l l a t o r  s t r e n g t h s  f o r  t h e  r e l e v a n t  t r a n s i t i o n s .
S i n c e  we a r e  i n t e r e s t e d  o n l y  i n  t h e  f i r s t  o b s e r v a b l e  
e f f e c t  o f  r a d i a t i o n  d i f f u s i o n ,  t h e  e x p o n e n t i a l  t e r m s  i n  e q u a ­
t i o n s  ( 2 9 )  a n d  ( 3 0 )  may be e x p a n d e d  i n  a T a y l o r  s e r i e s  w i t h  
t h e  r e t e n t i o n  o f  o n l y  t h e  two l e a d i n g  t e r m s .
i !  -  1 °  (1 -  x k ! )  ( 32 )
I 2 -  12° O  ”  x k 2> ( 33 )
I f  we d e f i n e  t h e  d e v i a t i o n  f r o m  l i n e a r i t y  ( o r  t h e  
a b s o r p t i o n )  by
^ I l , 2  "  I l , 2  “  I 1°,2  » 
t h e n ,  f r o m  e q u a t i o n s  ( 3 2 )  a n d  ( 3 3 ) ,  we o b t a i n
A l t -  - l / x k j  , ( 34 )
and
A  I 2 -  -  I 2°  x  k 2 ’ ( 3 5 )
I f  t h e  r e l a t i v e  d e v i a t i o n s ,  A I j / I j® xnd  a r e
a s s i g n e d  e q u a l  a n d  a r b i t r a r i l y  s m a l l  v a l u e s  ( o f  t h e  o r d e r  o f
t h e  e r r o r  i n  m e a s u r i n g  t h e  i n t e n s i t i e s )  t h e n ,  f r o m  e q u a t i o n s
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( 3 4 )  a n d  ( 3 5 ) y
M M  -  k 2 ( N2 ) ( Nt  i t  N2 ) . ( 3 6 )
U s i n g  t h e  d e f i n i t i o n  o f  t h e s e  c o e f f i c i e n t s  g i v e n  i n  e q u a t i o n
( 3 1 ) ,  e q u a t i o n  ( 3 6 )  b e c o m e s
Nl f l  "  N2 f 2 • <3 7 >
E q u a t i o n  ( 3 7 )  s t a t e s  t h a t  t h e  r a t i o  o f  t h e  p r e s s u r e s ,  a t  
w h i c h  a b s o r p t i o n  i s  f i r s t  d e t e c t a b l e  f o r  t h e  two r e s o n a n c e  
l i n e s ,  s h o u l d  be e q u a l  t o  t h e  i n v e r s e  r a t i o  o f  t h e  two o s c i l -
l a t o r  s t r e n g t h s .  The r a t i o  o f  f 2 / f j  « 2 f o r  p o t a s s i u m ,  s o
t h a t  t h e  i n t e n s i t y  c u r v e  f o r  I 2 s h o u l d  b e g i n  t o  d r o p  ( e q u a t i o n s
( 3 2 )  a n d  ( 3 3 ) )  a t  h a l f  t h e  p r e s s u r e  a t  w h i c h  t h e  c u r v e  f o r  I j  
b e g i n s  t o  d r o p .
S i n c e  t h e  d e p t h  o f  t h e  f l u o r e s c i n g  e l e m e n t ,  x ,  i s  
n o t  c o n t a i n e d  i n  e q u a t i o n  ( 3 7 ) ,  t h e  a b o v e  a r g u m e n t  h o l d s  f o r  
t h e  e n t i r e  f l u o r e s c i n g  v o l u m e .  A t  l o w  d e n s i t i e s ,  e r r o r  i n
t h i s  r a t i o  i n d u c e d  by d i f f e r e n c e s  i n  t h e  r e s o n a n c e  l i n e  s h a p e s
s h o u l d  be n e g l i g i b l e ,  s i n c e  t h e  a b s o r p t i o n  t a k e s  p l a c e  m a i n l y  
a t  t h e  c e n t r e s  o f  t h e  l i n e s .
F i g u r e  8 i s  a  p l o t  o f  t h e  r e s o n a n c e  f l u o r e s c e n t  i n t e n ­
s i t i e s  a s  a  f u n c t i o n  o f  v a p o u r  p r e s s u r e .  I n  t h e  p r e s s u r e  
r a n g e  s h o w n ,  t h e  c o n t r i b u t i o n  o f  s e n s i t i z e d  f l u o r e s c e n c e  t o  
t h e  t o t a l  was  a b o u t  o n e  p a r t  i n  10 ' ’ . The f l u o r e s c e n t  i n t e n ­
s i t i e s  w e r e  a b o u t  e q u a l  t o  o n e  a n o t h e r ,  b u t  a r e  s c a l e d  d i f f e r ­
e n t l y  f o r  t h e  s a k e  o f  c l a r i t y .
o
I t  may be s e e n  t h a t  t h e  c u r v e  f o r  t h e  7 6 6 5  A f l u o r e s -
“ 6c e n c e  b e c o m e s  n o n - l i n e a r  a t  a b o u t  3 . 5 x 1 0  t o r r ,  a n d  t h a t
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f o r  t h e  7 6 9 9  £  c o m p o n e n t  a t  a b o u t  7 . 0x10****  t o r r ,  i n  g o o d
a g r e e m e n t  w i t h  e q u a t i o n  ( 3 7 ) .  The same b e h a v i o u r  h a s  b e e n
25 27
o b s e r v e d  i n  c e s i u m  a n d  i n  r u b i d i u m  v a p o u r  . T h i s  r e s u l t
c l e a r l y  s h o w s  t h a t  r a d i a t i o n  d i f f u s i o n  s e t s  i n  a t  much l o v e r
p o t a s s i u m  v a p o u r  p r e s s u r e s  t h a n  h a d  p r e v i o u s l y  b e e n  s u p p o s e d .
An a d d i t i o n a l  c h e c k  was  made o f  t h e  v a p o u r  p r e s s u r e
a t  w h i c h  r a d i a t i o n  i m p r i s o n m e n t  f i r s t  a p p e a r s  i n  t h e  v a p o u r ,
by m o n i t o r i n g  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  v a p o u r  p r e s s u r e
a n d  t h e  Y v a l u e s .  S i n c e  t h e  i n t e n s i t y  r a t i o s  a r e  d i f f i c u l t
• 7  - 5t o  m e a s u r e  a t  l o w  v a p o u r  p r e s s u r e s  ( 1 0  t o  10 t o r r ) ,  t h e  
p o t a s s i u m  was  s e n s i t i z e d  by a  f i x e d  a m o u n t  o f  i n e r t  g a s  
w h i l e  i t s  v a p o u r  d e n s i t y  was  v a r i e d .  B e f o r e  e a c h  c h a n g e  i n  
v a p o u r  p r e s s u r e ,  t h e  f l u o r e s c e n c e  c e l l  was  e v a c u a t e d .  Any 
c h a n g e  o b s e r v e d  i n  t h e  y  v a l u e s  was  i n t e r p r e t e d  a s  b e i n g  
due  t o  r a d i a t i o n  d i f f u s i o n .
T h i s  e x p e r i m e n t  was  f i r s t  c o n d u c t e d  u s i n g  a  f i x e d
A
p r e s s u r e  o f  20 t o r r  o f  a r g o n ,  a n d  l e d  t o  a c h o i c e  o f  75°C 
a s  t h e  o p t i m u m  s i d e  a r m t e m p e r a t u r e  f o r  t h e  i n e r t  g a s  e x p e r i ­
m e n t s .  More r e c e n t l y ,  f l u o r e s c e n c e  was  s e n s i t i z e d  w i t h  10 
t o r r  o f  h e l i u m ;  t h e  r e s u l t s  o f  t h i s  e x p e r i m e n t  a r e  shown  i n  
f i g u r e  9 .  A g a i n  t h e  o p t i m u m  t e m p e r a t u r e ,  a t  w h i c h  h i g h  i n t e n  
s i t y  i s  c o n s i s t e n t  w i t h  t h e  a b s e n c e  o f  r a d i a t i o n  t r a p p i n g ,  
a p p e a r s  t o  be 7 5 ° C .
B e c a u s e  o f  t h e s e  p r e l i m i n a r y  r e s u l t s ,  i t  was  d e c i d e d  
t n  c a r r y  o u t  t h e  e x p e r i m e n t s  w i t h  i n e r t  g a s e s  a t  a  s i d e  o v e n  
t e m p e r a t u r e  o f  7 5 ° C .  The m a i n  o v e n  was  k e p t  a t  9 5 ° C  i n  o r d e r  
t o  p r e v e n t  c o n d e n s a t i o n  o f  p o t a s s i u m  o n  t h e  c e l l  w i n d o w s .
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B. The T o t a l  C r o s s  S e c t i o n s  f o r  I n e l a s t i c  C o l l i s i o n s  b e t w e e n  
P o t a s s i u m  a n d  I n e r t  Gas  Atoms
( I )  The E x p e r i m e n t a l  R e s u l t s
The e x p e r i m e n t a l  v a l u e s  o f  f l u o r e s c e n t  i n t e n s i t y  
r a t i o s , ^ ,  o b t a i n e d  i n  m i x t u r e s  o f  p o t a s s i u m  w i t h  h e l i u m ,  
n e o n ,  a r g o n ,  k r y p t o n  a n d  x e n o n ,  a r e  a hown i n  t a b l e s  1 - 5  r e s ­
p e c t i v e l y .  Each  t a b l e  i n c l u d e s  v a l u e s  o b t a i n e d  w i t h  a t  l e a s t  
two d i f f e r e n t  s a m p l e s  o f  p o t a s s i u m  i n  f l u o r e s c e n c e  c e l l s  w i t h  
and  w i t h o u t  an  i n t e r n a l  o p a q u e  f i l t e r .
F i g u r e  10 i s  a  g r a p h  o f  t h e  i n t e n s i t y  r a t i o s ,  i n d u c e d  
by p o t a s s i u m - i n e r t  g a s  c o l l i s i o n s ,  a s  f u n c t i o n s  o f  i n e r t  g a s  
p r e s s u r e .  Mo e x p e r i m e n t a l  p o i n t s  a r e  s hown  b e c a u s e  t h e i r  
v e r y  l a r g e  n u m b e r  w o u l d  c a u s e  c o n f u s i o n  i n  t h e  h i g h  a n d  l ow 
p r e s a u r e  r e g i o n s  o f  t h e  c u r v e s .  I t  may be s e e n  t h a t  t h e  
i n t e n s i t y  r a t i o s  n e v e r  r e a c h  t h e  e x p e c t e d  v a l u e s  o f  0 . 6 2 5
and * ^ 2  " 1 * 6 0  i n  t h e  p r e s s u r e  r a n g e  i n  w h i c h  t h e  ^  v a l u e a  
become  i n d e p e n d e n t  o f  p r e s s u r e .  T h e s e  t h e o r e t i c a l  l i m i t s  h a v e  
n o t  b e e n  r e a c h e d  i n  a n y  e x p e r i m e n t s  w i t h  a l k a l i  m e t a l s  o r  
a l k a l i  m e t a l - i n e r t  g a s  m i x t u r e s  . * * ^ ^
The c o l l i s i o n  n u m b e r s  Z^2 a n d  l 2 l w e r e  o b t a i n e d  by 
s u b s t i t u t i n g  v a l u e s  o f  ^ ^  a n d  ^f2 t t a k e n  f r o m  t h e  s m o o t h e d  
c u r v e s ,  i n t o  e q u a t i o n s  ( 8 )  a n d  ( 9 ) .  A t y p i c a l  p l o t  o f  Z^2 
and Z2i a s  f u n c t i o n s  o f  k r y p t o n  p r e s s u r e  i s  s h o wn  i n  f i g u r e  1 1 .  
The c o r r e s p o n d i n g  c u r v e s  o b t a i n e d  w i t h  t h e  o t h e r  i n e r t  g a s e s  
a l l  e x h i b i t  a l i n e a r  s e c t i o n  b e t w e e n  a b o u t  20 a n d  150 t o r r  
w h i c h ,  when  e x t r a p o l a t e d  t o  z e r o  p r e a s u r e ,  d o e s  n o t  p a s s  t h r o u g h  
t h e  o r i g i n .
TABLE 1 4 6
F l u o r e s c e n t  I n t e n s i t y  R a t i o s  I n d u c e d  b y
P o t a s s i u m - H e l i u m  C o l l i s i o n s
He 1 ium 
P r e s s u r e  
( t o r r )
7 i
i i / i 2
7 2
l 2 / l i
He 1 ium 
P r e s s u r e  
( t o r r )
7 i
i i / i 2
7 2
I 2 / I i
4 . 1  x 1 0 “ 3 1 . 8 9  x 1 0 “ 3 3 . 2 2  x 1 0 " 3 5 . 8 4 . 8 9  x 1 0 ’ 1 1 . 0 2
6 . 9  x 1 0 “ 3 3 . 0 1  x 1 0 " 3 4 . 2 5  x 1 0 " 3 7 . 0 5 . 0 5  x 1 0 * 1 1 . 0 3
1 . 1  x 1 0 “ 2 4 . 6 4  x 1 0 “ 3 5 . 9 6  x 1 0 “ 3 8 . 0 5 . 4 3  x 1 0 ” 1 1 . 0 8
1 . 2  x 1 0 “ 2 4 . 1 1  x 1 0 * 3 7 . 0 0  x 1 0 “ 3 1 . 0 1  x 10 5 . 5 2  x 1 0 " 1 1 . 1 4
1 . 5  x 1 0 “ 2 6 . 1 3  x 1 0 “ 3 8 . 8 2  x 1 0 " 3 1 . 1 8 x 1 0 5 . 8 9  x 1 0 “ l 1 . 1 4
1 . 6  x 10 2 6 . 2 0  x 1 0 ’ 3 1 . 0 1  x 1 0 “ 2 1 . 3 7  x 10 5 . 7 1  x 1 0 " 1 1 . 21
1 . 9  x 1 0 " 2 7 . 7 0  x 1 0 “ 3 1 . 1 5  x 1 0 " 2 1 . 9 4  x 10 6 . 0 8  x 1 0 " 1 1 . 2 5
2 . 1  x 1 0 ’ 2 8 . 2 7  x 1 0 ~ 3 1 . 2 4  x 1 0 " 2 2 . 5 0  x 10 6 . 2 2  x 1 0 “ l 1 . 3 0
2 . 5  x 1 0 " 2 1 . 0 3  x 1 0 " 2 1 . 4 9  x 1 0 “ 2 2 . 5 5  x 10 5 . 5 5  x 1 0 " 1 1 . 32
4 . 3  x 1 0 “ 2 1 . 8 0  x 1 0 " 2 2 . 8 2  x 1 0 “ 2 2 . 9 5  x 10 6 . 0 1 x 1 0 ” 1 1 . 4 0
5 . 6  x 1 0 ” 2 2 . 1 4  x 1 0 “ 2 3 . 2 6  x 1 0 " 2 4 . 0  x 10 6 . 0 4  x 1 0 ” 1 1 . 4 0
1 . ?  x 1 0 " 1 3 . 5 7  x 1 0 “ 2 5 . 5 0  x 1 0 ’ 2 4 . 3  x 10 6 . 3 1 x 1 0 " 1 1 . 4 0
1 . 6  x 1 0 " 1 4 . 6 4  x 1 0 " 2 6 . 8 8  x 1 0 " 2 5 . 0  x 10 5 . 9 9  x 1 0 " 1 1 . 4 3
1 . 6  x 1 0 " 1 4 . 8 0  x 1 0 “ 2 7 . 7 0  x 1 0 ' 2 6 . 3  x 10 5 . 8 8  x 1 0 " 1 1 . 5 0
1 . 9  x 1 0 “ l 6 . 1 4  x 1 0 “ 2 8 . 1 0  x 1 0 ” 2 6 . 3  x 10 6 . 0 4  x 1 0 ” 1 1 . 47
3 . 2  x 1 0 ’ 1 9 . 0 2  x 1 0 “ 2 1 . 5 3  x 1 0 ~ l 7 . 8 x 1 0 6 . 0 5  x I 0 “ l 1 . 4 6
5 . 2  x 1 0 " 1 1 . 3 9  x 1 0 " 1 2 . 3 8  x 1 0 " 1 8 . 1 x 1 0 5 . 9 6  x 1 0 ~ l 1 . 51
7 . 3  x 1 0 “ l 1 . 9 4  x 1 0 “ X 3 . 3 9  x 10**1 1 . 0 1  x 1 0 2 6 . 0 9  x 1 0 “ l 1 . 5 3
9 . 5  x 1 0 " 1 2 . 5 1  x 1 0 ” 1 4 . 0 9  x 1 0 " 1 1 . 0 3  x 1 0 2 6 . 0 7  x 1 0 ’ 1 1 . 5 2
1 . 1 2 . 3 3  x 1 0 “ l 4 . 0 3  x 1 0 ” 1 1 . 2 7  x 1 0 2 5 . 9 6  x 1 0 “ l 1 . 5 6
1 . 4 2 . 7 3  x 1 0 " 1 5 . 6 2  x 1 0 " 1 1 . 6 5  x 1 0 2 6 . 0 4  x 1 0 “ l 1 . 5 3
2 . 1 3 . 7 7  x 1 0 " 1 6 . 6 2  x 1 0 ‘ 1 2 . 0 4  x 1 0 2 6 . 3 1  x 1 0 " 1 1 . 5 4
3 . 2 4 . 4 3  x 1 0 " 1 8 . 1 2  x 1 0 " 1 2 . 5 2  x 1 0 2 5 . 8 0  x 1 0 “ l 1 . 5 3
3 . 5 4 . 2 5  x 1 0 " 1 7 . 8 1  x 1 0 “ l 2 . 9 0  x 1 0 2 6 . 0 9  x 1 0 “ l 1 . 5 3
4 . 3 4 . 8 6  x 1 0 ” 1 8 . 8 5  x 1 0 * 1
TABLE 2
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F l u o r e s c e n t  I n t e n s i t y  
P o t a s s i u m - N e o n
R a t i o s  I n d u c e d  by 
Col  1 i s i o n s
Neon
P r e s s u r e
( t o r r )
7 i
h ' h
V z
V i
Neon
P r e s s u r e
( t o r r )
*?1
I l / I 2
%
I 2 / I i
1 . 2  x 1 0 “ 2 8 . 7 9  x 1 0 " 4 1 . 6 0  x 1 0 " 3 4 . 3 1 . 3 2  x 1 0 " 1 2 . 2 9  x 1 0 "
4 . 0  x 1 0 “ 2 1 . 7 7  x 1 0 “ 3 3 . 8 2  x 1 0 * 3 4 . 7 I . 5 2  x 1 0 “ l 2 . 6 2  x 1 0 “
5 . 0  x 1 0 " 2 3 . 1 8  x 1 0 “ 3 4 . 8 8  x 1 0 ’ 3 7 . 5 2 . 0 4  x 1 0 " 1 3 . 8 8  x 1 0 “
7 . 8  x 1 0 " 2 4 . 8 3  x 1 0 " 3 6 . 2 8  x 1 0 “ 3 1 . 0  x 10 2 . 3 9  x 1 0 " 1 4 . 4 8  x 1 0 "
1 . 0  x 10” 1 5 . 1 0  x 1 0 “ 3 8 . 1 9  x 1 0 " 3 1 J.  x  10 2 . 9 2  x 10” 1 5 . 7 7  x 10“
1 . 0 4  x l o ” 1 5 . 0 6  x 1 0 " 3 8 . 0 2  x 1 0 " 3 1 . 7  x 10 3 . 1 3  x 1 0 ’ 1 6 . 3 3  x 1 0 “
1 . 3 2  x 1 0 “ l 6 . 2 8  x 1 0 " 3 8 . 8 9  x 1 0 “ 3 2 . 6  x 10 3 . 7 4  x 1 0 " 1 7 . 7 3  x 1 0 "
1 . 6 0  x 1 0 " 1 8 . 3 8  x 1 0 " 3 1 . 0 8  x 1 0 “ 2 3 . 4  x 10 4 . 1 2  x 1 0 " 1 8 . 5 4  x 1 0 "
1 . 7 5  x l o " 1 8 . 5 7  x 1 0 “ 3 1 . 3 7  x 1 0 ’ 2 4 . 3  x 10 4 . 2 1  x 1 0 “ l 9 . 7 1  x 1 0 "
2 . 0 5  x 1 0 " 1 9 . 2 8  x 1 0 " 3 1 . 3 8  x 1 0 ” 2 5 . 5  x 10 4 . 5 1  x 1 0 " 1 1 . 0 0
2 . 4 0  x i o “ l 1 . 1 8  x 1 0 " 2 1 . 6 8  x 1 0 " 2 6 . 3  x 10 4 . 6 4  x 1 0 " 1 1 . 0 5
2 . 5 0  x 1 0 “ l 1 . 2 7  x 1 0 * 2 1 . 8 4  x 1 0 " 2 9 . 1  x 10 4 . 8 6  x 1 0 " 1 1 . 1 3
2 . 6 0  x 1 0 " 1 1 . 2 7  x 1 0 " 2 1 . 7 5  x 1 0 " 2 1 . 2 3  x 1 0 2 5 . 0 8  x 10” 1 1 . 23
2 . 7  x 1 0 “ l 1 . 1 3  x 1 0 " 2 1 . 9 6  x 1 0 - 2 1 . 5 6  x 1 0 2 5 . 4 9  x 10* 1 .27
3 . 0  x 1 0 " 1 1 . 3 1  x 1 0 " 2 1 . 9 0  x 1 0 ~ 2 1 . 9 2  x 1 0 2 5 . 2 5  x 1 0 " 1 1 . 3 2
3 . 2  x 1 0 " 1 1 . 3 7  x 1 0 " 2 2 . 1 2  x 1 0 " 2 2 . 2 4  x 1 0 2 5 . 5 0  x 1 0 " 1 1 . 36
3 . 6  x 1 0 " 1 1 . 6 6  x 1 0 " 2 2 . 1 7  x 1 0 “ 2 2 . 5 4  x 1 0 2 5 . 4 0  x 1 0 - 1 1 . 3 2
4 . 0  x 1 0 ’ 1 1 . 9 8  x 1 0 " 2 3 . 0 8  x 1 0 " 2 2 . 9 0  x 1 0 2 5 . 5 8  x 1 0 " 1 1 . 3 9
1 . 1 4 . 4 5  x 1 0 " 2 8 . 0 0  x 1 0 " 2 3 . 2 3  x 1 0 2 5 . 6 2  x 1 0 " 1 1 . 4 0
1 . 9 7 . 7 8  x i O ” 2 1 . 2 6  x 1 0 " 1 3 . 6 5  x 1 0 2 6 . 0 0  x 1 0 " 1 1 . 4 1
TABLE 3
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F l u o r e s c e n t  I n t e n s i t y  R a t i o s  I n d u c e d  by
P o t a s s l u m - A r g o n  C o l l i s i o n s
A r g o n
P r e s s u r e
( t o r r )
h
l ! / I 2
7 2
I 2 / I i
A r g o n
P r e s s u r e
( t o r r )
7l
h 'h
7 2
1 2 / I i
3 . 3 5  x 1 0 “ 2 3 . 7 8  x 1 0 ~ 3 5 . 6 3  x I O " 3 2 . 0 8  x 10 4 . 0 8  x 1 0 “ l 8 . 3 3  x 10
5 . 8 0  x 1 0 " 2 6 . 6 5  x 1 0 ~ 3 9 . 6 9  x 1 0 “ 3 2 . 4 6  x 10 4 . 3 4  x 1 0 “ l 8 . 8 7  x 10
7 . 2 0  x 1 0 " 2 6 . 7 4  x 1 0 " 3 1 . 2 1  x I O " 2 3 . 0 0  x 10 4 . 4 9  x 1 0 " 1 .0 0
1 . 07  x 1 0 " 1 1 . 0 6  x 1 0 " 2 1 . 6 5  x 1 0 " 2 4 . 2  x 10 4 . 9 2  x 1 0 “ l 1 .1 0
1 . 3  x 1 0 " 1 1 . 2 4  x 1 0 " 2 2 . 0 2  x 1 0 " 2 5 . 5  x 10 5 . 0 0  x 1 0 ~ l 1 . 1 8
1 . 6  x 1 0 " 1 1 . 5 2  x 1 0 " 2 2 . 4 2  x I O " 2 6 . 1  x 10 5 . 2 2  x I Q " 1 1 .2 0
1 . 6  x I O - 1 1 . 3 8  x 1 0 “ 2 2 . 4 2  x I O * 2 7 .1  x 10 5 . 1 5  x I O " 1 1 . 2 8
1 . 9  x I O * 1 1 . 5 7  x 1 0 " 2 2 . 7 8  x IO" 2 9 . 6 x 1 0 5 . 3 0  x I O " 1 1 . 33
2 . 1  x 1 0 " 1 1 . 9 4  x 1 0 ’ 2 3 . 0 8  x 1 0 “ 2 1 . 2 5  x I O 2 5 . 6 9  x I O " 1 1 .37
2 . 4  x 1 0 “ l 2 . 0 4  x 1 0 " 2 3 . 8 0  x I O " 2 1 . 4 4  x I O 2 5 . 5 3  x IO" 1 1 . 3 9
5 . 7  x I O - 1 6 . 0 5  x 1 0 “ 2 1 . 0 3  x I O ” 1 I . 5 0  x I O 2 5 . 8 6  x 1 0 “ l 1 . 3 9
1 . 0 7 . 8 7  x 1 0 “ 2 1 . 2 6  x 1 0“ l 1 . 7 7  x I O 2 5 . 7 7  x I O " 1 1 . 44
2 . 1 I . 4 0  x I O * 1 2 . 5 5  x I O * 1 1 . 8 8  x I O 2 5 . 6 1  x I O " 1 1 .37
3 . 2 1 . 8 3  x IO**1 3 . 1 8  x I O -1 2 . 0 0  x I O 2 6 . 0 4  x 1 0 ‘ 1 1 .51
4 . 6 2 . 3 6  x I O " 1 4 . 1 5  x I O " 1 2 . 3 0  x I O 2 5 . 7 0  x I O " 1 1 . 4 4
5 . 5 2 . 5 3  x 1 0 ‘ 1 4 . 4 7  x I O " 1 2 . 5 0  x I O 2 5 . 8 7  x I O " 1 1 . 4 7
00 « o 3 . 0 7  x I O " 1 6 . 0 0  x 10 2 . 5 3  x I O 2 5 . 8 5  x I O " 1 1 . 40
9 . 6 3 . 2 7  x I O ’ 1 6 . 5 6  x 1 0 “ l 2 . 9 4  x I O 2 5 . 9 6  x I Q " 1 1 . 5 0
1 .1 1  x 10 3 . 5 4  x I O " 1 7 . 3 3  x 1 0 ~ l 3 . 0 0  x I O 2 5 . 8 7  x I O " 1 1 . 4 8
1 . 3 0  x 10 3 . 7 8  x I O " 1 7 . 5 1  x I O " 1 3 . 4 4  x I O 2 5 . 8 6  x 1 0 “ l 1 . 4 5
1 . 5 0  x 10 3 . 8 0  x 1 0 ~ l 7 . 9 6  x I O " 1 3 . 5 0  x I O 2 5 . 9 3  x 1 0 “ l 1 . 4 6
1 . 8 0  x 10 4 . 4 5  x I O ’ 1 8 . 8 9  x 1 0 ‘ 1
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TABLE 4
F l u o r e s c e n t  I n t e n s i t y  R a t i o s  I n d u c e d  b y
P o t a s s i u m - K r y p t o n  C o l l i s i o n s
K r y p t o n
P r e s s u r e
( t o r r )
7 i
i i / i 2
7 2
I 2 / I i
K r y p t o n
P r e s s u r e
( t o r r )
7 i
i i / i 2
%
i 2 / i i
0 . 0 0 1 . 2 1  x I O" 3 1 . 1 3  x 1 0 “ 3 1 . 4 3  x 10 4 . 3 0  x I O " 1 9 . 0 1  k 10
1 . 0  x 1 0 " 2 2 . 6 3  x I O - 3 3 . 4 8  x 1 0 ~ 3 2 . 0  x  10 4 . 6 2  x 1 0 “ l 9 . 6 9  x 10
2 . 5  x 1 0 " 2 4 . 9 5  x I O - 3 7 . 1 9  x I O ’ 3 2 . 8  x 10 4 . 7 6  x IO" 1 1 . 0 8
3 . 4  x 1 0 ’ 2 6 . 0 5  x I O " 3 9 . 3 5  x I O " 3 3 . 6  x 10 5 . 3 0  x IO" 1 1 . 15
3 . 8  x I O * 2 7 . 6 6  x 1 0 “ 3 1 . 0 5  x I O * 2 5 . 1  x 10 5 . 5 4  x IO-1 1 . 23
5 . 0  x 1 0 ’ 2 ------ 1 . 3 2  x 1 0 “ 2 6 . 1  x 10 5 . 5 3  x IO" 1 1 . 2 6
6 . 0  x 1 0 “ 2 1 . 0 7  x I O " 2 1 . 4 7  x I O " 2 7 . 3  x 10 5 . 6 2  x IO* 1 1 . 3 2
7 . 8  x 1 0 “ 2 1 . 1 8  x I O " 2 1 . 9 0  x 1 0 “ 2 8 . 5  x 10 5 . 5 6  x IO" 1 1 . 2 9
8 . 0  x 1 0 “ 2 1 . 4 1  x I O " 2 1 . 7 6  x I O " 2 9 . 1  x 10 5 . 6 0  x IO" 1 1 . 3 0
9 . 0  x 1 0 “ 2 1 . 3 7  x 1 0 “ 2 2 . 2 4  x 1 0 “ 2 9 . 5 x 1 0 5 . 6 5  x IO" 1 1 . 3 9
1 . 1  x 1 0 " 1 1 . 7 3  x I O" 2 2 . 4 5  x I O " 2 1 . 1 2  x 1 0 2 5 . 7 2  x I O " 1 1 . 3 9
1 . 3 5  x 1 0 " 1 2 . 1 7  x 1 0 “ 2 3 . 0 8  x I O " 2 1 . 3 1  x I O 2 5 . 7 5  x  IO" 1 1 . 4 1
1 . 4  x I O ’ 1 2 . 1 2  x 1 0 “ 2 3 . 1 9  x i 0 “ 2 1 . 5 3  x I O 2 5 . 6 9  x I O " 1 1 . 4 5
1 . 6  x 1 0 " 1 2 . 4 6  x 1 0 " 2 3 . 7 0  x I O " 2 1 . 8 8  x IO2 5 . 9 0  x  IO" 1 1 . 47
1 . 9  x 1 0 “ l 3 . 1 1  x I O " 2 4 . 0 3  x 1 0 “ 2 2 . 0 6  x 1 0 2 5 . 8 2  x IO" 1 1 . 4 5
1 . 9 1 . 5 8  x 1 0 “ l 2 . 8 6  x I O " 1 2 . 2 7  x I O 2 5 . 7 6  x IO-1 1 . 4 8
4 . 5 2 . 6 1  x I O -1 4 . 8 6  x I O **1 2 . 6 2  x I O 2 5 . 6 0  x IO" 1 1 . 4 8
7 . 5 3 . 3 8  x I O " 1 6 . 4 1 x 1 0 “ l 3 . 0 0  x I O 2 5 . 7 9  x IO" 1 1 . 45
9 . 9 3 . 5 7  x I O ’ 1 7 . 3 9  x I O " 1 3 . 3 3  x I O 2 5 . 7 7  x I O " 1 1 . 5 0
TABLE 5 50
F l u o r e s c e n t  I n t e n s i t y  R a t i o s  I n d u c e d  b y
P o t a s s i u m - X e n o n  C o l l i s i o n s
Xenon
P r e s s u r e
( t o r r )
Vi
V*2
"?2
V xi
Xenon
P r e s s u r e
( t o r r ) V'2
^ 2
l 2 'h
1 . 9 5  x I O " 2 5 . 4 5  x I O " 3 8 . 1 3  x I O " 3 2 . 4 2 . 7 6  x I O ” 1 5 . 2 3  x 10
3 . 4  x 1 0 - 2 8 . 8 5  x 1 0 “ 3 1 . 2 6  x I O " 2 3 . 3 3 . 1 8  x I O " 1 5 . 3 7  x 10
4 . 6  x I O * 2 1 . 2 6  x 1 0 ~ 2 1 . 6 9  x I O " 2 3 . 8 3 . 2 3  x I O - 1 6 . 3 2  x 10
6 . 1  x I O * 2 1 . 5 5  x 1 0 “ 2 2 . 2 1  x I O " 2 5 . 4 4 . 0 2  x I O " 1 7 . 0 6  x 10
8 . 2  x I O ” 2 1 . 9 3  x IO" 2 2 . 8 2  x IO*2 5 . 9 4 . 0 0  x I O " 1 7 . 6 8  x 10
1 . 0  x 1 0 “ l 2 . 5 1 x 1 0 “ 2 3 . 6 5  x I O " 2 5 . 9 4 . 0 3  x 1 0 “ 6 . 7 2  x 10
1 . 0 8  x 1 0 " 1 2 . 7 5  x IO" 2 3 . 9 3  x 1 0 “ 2 9 . 0 4 . 3 7  x I O ” 1 9 . 0 8  x 10
1 . 1  x I O " 1 2 . 3 3  x 10“ 2 4 . 0 0  x I O " 2 1 . 0 6  x 10 4 . 7 7  x 1 0 ~ l 7 . 3 2  x 10
1 . 1 5  x 1 0 " 1 2 . 8 3  x I O ” 2 4 . 0 9  x 1 0 " 2 1 . 0 8  x 10 4 . 3 1  x I O " 1 9 . 0 9  x 10
1 . 2  x I O " 1 2 . 9 6  x 1 0 “ 2 4 . 2 5  x 1 0 “ 2 1 . 2 5  x 10 4 . 8 1  x I O " 1 9 . 8 2  x 10
1 . 3 5  x 1 0 ’ 1 3 . 2 2  x 1 0 " 2 4 . 8 0  x 1 0 * 2 1 . 5 5  x 10 5 . 2 1  x IO” 1 1 . 0 5
1 . 5  x 1 0 " 1 3 . 6 7  x 1 0 “ 2 5 . 2 7  x 1 0 “ 2 1 . 6 2  x 10 5 . 0 0  x IO**1 1 . 07
1 . 7  x I O " 1 4 . 2 2  x 1 0 " 2 6 . 0 4  x I O " 2 1 . 8 1  x 10 4 . 9 2  x I O ” 1 I . 0 9
2 . 5 5  x 1 0 “ l 5 . 8 2  x 1 0 ” 2 8 . 4 0  x 1 0 “ 2 2 . 4 6  x 10 5 . 5 1  x I O " 1 1 . 1 6
3 . 7  x 1 0 ~ l 5 . 8 8  x 1 0 " 2 9 . 6 3  x 1 0 “ 2 2 . 5 3  x 10 5 . 2 6  x IO” 1 I .2 2
5 . 2  x I O * 1 9 . 2 9  x 1 0 ’ 2 1 . 4 5  x I O ’ 1 3 . 0 x 1 0 5 . 2 3  x IO" 1 1 . 2 5
5 . 5  x 1 0 " 1 9 . 3 6  x 1 0 “ 2 1 . 4 3  x I O * 1 3 . 1  x 10 5 . 7 1  x IO’ 1 1 . 2 0
7 . 5  x 1 0 - 1 1 . 4 1  x I O " 1 2 . 0 3  x 1 0 “ l 4 . 1  x 10 5 . 6 3  x IO" 1 1 . 3 6
7 . 5  x 1 0 “ l 1 . 1 2  x I O” 1 1 . 9 6  x I O " 1 4 . 2  x 10 5 . 8 4  x 1 0 “ l 1 . 27
8 . 5  x 1 0 ’ 1 1 . 3 1  x I O " 1 2 . 2 5  x 1 0 “ l 4 . 8 x 1 0 5 . 5 5  x I O " 1 1 . 3 5
9 . 0  x 1 0 “ l 1 . 5 4  x I O " 1 2 . 4 4  x 1 0 “ l 6 . 1  x 10 5 . 9 8  x IO" 1 1 . 3 5
1 . 3 1 . 8 1  x IO" 1 3 . 0 8  x I O " 1 6 . 2  x 10 5 . 6 4  x IO-1 1 . 3 8
1 . 8 2 . 3 0  x I O " 1 4 . 1 8  x I O " 1 7 . 4  x 10 6 . 0 2  x IO" 1 1 . 3 6
. . . c o n t i n u e d
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T a b l e  5 -  P o t a s s i u m - X e n o n  C o l l i s i o n s  ( c o n t ' d )
Xenon
P r e s s u r e
( t o r r )
%
l 1 ^ 2 I 2/ I i
Xenon
P r e s s u r e
( t o r r )
“I  i
i , / i 2
7 *
I 2 / l !
8 . 3  x 10 5 . 7 9  x 1 0 ~ l 1 . 5 0 1 . 5 6  x 1 0 2 6 . 0 0  x I O" 1 1 . 4 5
8 . 4  x 10 6 . 0 4  x 1 0 " 1 1 . 3 8 1 . 7 2  x 1 0 2 5 . 8 9  x IO" 1 1 . 4 5
9 . 7 x 1 0 6 . 0 1  x I O " 1 1 . 4 0 1 . 8 2  x 1 0 2 5 . 8 0  x 1 0 “ l 1 . 5 2
1 . 0 3  x 1 0 2 5 . 6 4  x I O " 1 1 . 4 3 1 . 9 1  x 1 0 2 5 . 9 9  x I O " 1 1 . 4 6
1 . 1 9  x 1 0 2 6 . 0 2  x 1 0 “ l 1 . 4 1 2 . 1 6  x I O 2 5 . 9 3  x I O" 1 1 . 4 8
I . 2 7  x 1 0 2 6 . 0 0  x 1 0 ” 1 1 . 4 6 2 . 2 1 x I O 2 5 . 7 3  x I O * 1 1 . 4 4
1 . 4 0  x 1 0 2 5 . 9 5  x IO" 1 1 . 4 6 2 . 4 3  x I O2 5 . 7 6  x I O " 1 1 . 42
1 . 4 0  x 1 0 2 5 . 8 9  x I O " 1 1 . 5 0
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^  v a l u e s  o b t a i n e d  a t  v e r y  l o w  g a s  p r e s s u r e s ,  a n d  
u n d e r  s i n g l e - c o l l i s i o n  c o n d i t i o n s ,  a r e  shown i n  f i g u r e s  1 2 - 1 6 .  
When 1 ,  e q u a t i o n s  ( 8 ) a n d  ( 9 )  r e d u c e  t o  t h e  f o r m  2 •
As e x p e c t e d ,  t h e  p l o t s  i n  t h i s  r e g i o n  a r e  l i n e a r  a n d  p a s s  
t h r o u g h  t h e  o r i g i n ;  t h e i r  s l o p e s ,  s u b s t i t u t e d  i n t o  e q u a t i o n
( 1 0 ) ,  y i e l d e d  t h e  c o l l i s i o n  c r o s s  s e c t i o n s  w h i c h  a r e  l i s t e d  
i n  t a b l e  6 a l o n g  w i t h  t h e i r  r a t i o s  Q1 2 / Q 21 wh* c h ,  a c c o r d i n g  
t o  e q u a t i o n  ( 1 3 ) ,  s h o u l d  e q u a l  1 . 6 0 .  The t a b u l a t e d  c r o s s  
s e c t i o n s  a n d  e x p e r i m e n t a l  e r r o r s  w e r e  o b t a i n e d  f r o m  l e a s t -  
s q u a r e s  a n a l y s e s  o f  t h e  c o l l i s i o n  n u m b e r  c u r v e s  i n  t h e  l ow 
p r e s s u r e  r e g i o n s .  The v a l u e s  o b t a i n e d  i n  t h i s  way a g r e e  w i t h  
t h e  c r o s s  s e c t i o n s  a n d  e r r o r s  o b t a i n e d  i n  a p o i n t - b y - p o i n t  
c a l c u l a t i o n  b a s e d  o n  t h e  i n d i v i d u a l  v a l u e s  o f  ^   ^ a n d  ^ 2 *
The c r o s s  s e c t i o n s  m e a s u r e d  u n d e r  s i n g l e  c o l l i s i o n  
c o n d i t i o n s  a r e  c o n s i d e r e d  t o  be mor e  r e l i a b l e  t h a n  t h o s e  o b ­
t a i n e d  a t  h i g h e r  g a s  p r e s s u r e s .  O t h e r  p r o c e s s e s ,  s u c h  a s  
q u e n c h i n g ,  c o l l i s i o n a l  s t i m u l a t i o n  o f  e m i s s i o n  a n d  p r e s s u r e  
b r o a d e n i n g  may c o m p e t e  w i t h  t h e  i n e l a s t i c  c o l l i s i o n  p r o c e s s e s .  
The e f f e c t i v e  c r o s s  s e c t i o n s  f o r  t h e s e  c o m p e t i n g  p r o c e s s e s  a r e  
e x p e c t e d  t o  be s m a l l e r  t h a n  t h e  i n e l a s t i c  c r o s s  s e c t i o n ,  b u t  
t h e i r  e x a c t  v a l u e s  a r e  u n k n o w n .  By m e a s u r i n g  t h e  i n e l a s t i c  
c r o s s  s e c t i o n s  u n d e r  s i n g l e  c o l l i s i o n  c o n d i t i o n s  ( u s u a l l y  l e s s  
t h a n  o n e  i n t e r a c t i o n  p e r  h u n d r e d  mean l i f e t i m e s ) ,  i t  b e c o m e s  
e x t r e m e l y  u n l i k e l y  t h a t  a n y  a t o m  w h i c h  h a s  e n g a g e d  i n  a n  i n ­
e l a s t i c  c o l l i s i o n  w i l l  h a v e  a l s o  u n d e r g o n e  a n y  o t h e r  t y p e  o f  
c o l l i s i o n a l  p r o c e s s  d u r i n g  t h e  l i f e t i m e  o f  t h e  e x c i t e d  s t a t e .
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I t  may be s e e n  t h a t  t h e  c r o s s  s e c t i o n s  f o r  c o l l i s i o n s
o f  p o t a s s i u m  w i t h  h e l i u m ,  n e o n  a n d  a r g o n  a r e  a b o u t  307. l o w e r
t h a n  t h o s e  q u o t e d  by J o r d a n  a n d  t h a t  t h e  a g r e e m e n t  w i t h
C a l l a w a y  a n d  B a u e r ' s  c a l c u l a t i o n s  f o r  h e l i u m  a n d  a r g o n  i s  n o t
p a r t i c u l a r l y  g o o d .  The r a t i o  o f  t h e  c r o s s  s e c t i o n s  Q2 1 / Q 12
i s  i n  g o o d  a g r e e m e n t  w i t h  t h a t  p r e d i c t e d  b y  t h e  p r i n c i p l e  o f
d e t a i l e d  b a l a n c i n g  ( e q u a t i o n  ( 1 3 ) )  f o r  a l l  t h e  p o t a s s i u m -
i n e r t  g a s  m i x t u r e s  w i t h  t h e  e x c e p t i o n  o f  p o t a s s i u m - x e n o n ,
w h e r e  i t  i s  a b o u t  6 % l o w .
The r e l a t i v e l y  h i g h  v a l u e  f o r  t h e  p o t a s s i u m - h e l i u m
c r o s s  s e c t i o n  i s  n o t  e x p e c t e d  on  t h e  b a s i s  o f  m o s t  c u r r e n t  
1 2t h e o r i e s  '  ; t h e  c r o s s  s e c t i o n s  s h o u l d  i n c r e a s e  m o n o t o n i c a l 1 y 
f r o m  h e l i u m  t o  x e n o n  a s  t h e  p o l a r i z a b i l  i t y  i n c r e a s e s .  The 
s h a p e s  o f  t h e  c o l l i s i o n  n u m b e r  c u r v e s  a l s o  do n o t  c o n f o r m  t o  
e x p e c t a t i o n s .  T h e s e  two f e a t u r e s  a s  w e l l  a s  t h e  low Z ^ / ^ i  
r a t i o  i n  t h e  c a s e  o f  x e n o n  a r e  s u f f i c i e n t l y  i m p o r t a n t  t o  w a r ­
r a n t  more  d e t a i l e d  d i s c u s s i o n .
( i i )  The V a r i a t i o n  o f  t h e  C r o s s  S e c t i o n s  f r o m  K-He t o  K-Xe
The m a g n i t u d e s  o f  t h e  i n e l a s t i c  c r o s s  s e c t i o n s  g i v e n  
i n  t a b l e  6 do  n o t  i n c r e a s e  m o n o t o n i c a l 1y w i t h  p o l a r i z a b i 1 i t y  
f r o m  h e l i u m  t o  x e n o n ,  a s  w o u l d  be e x p e c t e d  i f  t h e  a t o m i c  
i n t e r a c t i o n s  w e r e  a t t r i b u t a b l e  s o l e l y  t o  v a n  d e r  W a a l s  o r  
q u a d r u p o l e - i n d u c e d  d i p o l e  f o r c e s * :  t h e r e  i s ,  i n s t e a d ,  a  p r o ­
n o u n c e d  mi n i mum a t  n e o n .  S i m i l a r  b e h a v i o u r  h a s  b e e n  o b s e r v e d
26 28 i n  t h e  m e t a l - i n e r t  g a s  s y s t e m s  o f  c a e s i u m  a n d  r u b i d i u m  .
I t  may be a r g u e d  t h a t  s i n c e  we a r e  o b s e r v i n g  a n
e f f e c t i v e  o r  a v e r a g e  c r o s s  s e c t i o n ,  t h e  h i g h  v a l u e  f o r  t h e
62
p o t a s s i u m - h e l i u m  c r o s s  s e c t i o n  may be d u e  t o  t h e  m a g n i t u d e  
o f  t h e  h e l i u m  t h e r m a l  v e l o c i t y ;  t h e  v e l o c i t i e s  o f  t h e  r e m a i n ­
i n g  f o u r  i n e r t  g a s e s  do  n o t  d i f f e r  r a d i c a l l y  f r o m  o n e  a n o t h e r .
2
I f ,  h o w e v e r ,  we u s e  t h e  v v e l o c i t y  d e p e n d e n c e  o f  t h e  c r o s s
2
s e c t i o n s  q u o t e d  by  C a l l a w a y  a n d  B a u e r  a s  t h e  m o s t  p r o b a b l e ,  
a n d  c a r r y  o u t  t h e  t h e r m a l  a v e r a g i n g  g i v e n  by e q u a t i o n  ( 1 2 ) ,  
t h e  d i f f e r e n t i a l  c r o s s  s e c t i o n s  q ( v )  s t i l l  e x h i b i t  a  p r o n o u n c e d  
minimum a t  n e o n .  T h i s  i s  a l s o  t r u e  o f  a n  a s s u m e d  l i n e a r  d e -
3
p e n d e n c e  o n  v e l o c i t y  a n d  o f  v d e p e n d e n c e .  I t  w o u l d  s e e m ,  
t h e n ,  t h a t  t h e  l a r g e  h e l i u m  c r o s s  s e c t i o n  i s  n o t  e n t i r e l y  due  
t o  t h e  v e l o c i t y  d e p e n d e n c e  o f  t h e  i n t e r a c t i o n ,  o r  t h a t  t h e
v e l o c i t y  d e p e n d e n c e  i s  much s t r o n g e r  t h a n  h a s  b e e n  a s s u m e d .
36J e f i m e n k o  r e c e n t l y  p r o p o s e d  a s e m i - c l a s s i c a l  t h e o r y  
o f  a t o m i c  i n t e r a c t i o n s  w h i c h  he  a p p l i e d  t o  t h e  s t u d y  o f  s a t e l ­
l i t e  b a n d s  i n  m i x t u r e s  o f  a l k a l i  m e t a l s  w i t h  i n e r t  g a s e s  o r  
39
h y d r o c a r b o n s  * . The i n t e r a c t i o n  i s  c o n s i d e r e d  t o  be t a k i n g  
p l a c e  b e t w e e n  t h e  v a l e n c e  e l e c t r o n  o f  t h e  a l k a l i  m e t a l ,  w h i c h  
a c t s  a s  a  f r e e  p a r t i c l e  m o v i n g  w i t h  i t s  o r b i t a l  v e l o c i t y ,  a n d  
t h e  i n e r t  g a s  a t o m .  I f  t h e  e l e c t r o n  p e n e t r a t e s  t h e  o u t e r  
e l e c t r o n  s h e l l  o f  t h e  i n e r t  g a s  a t o m ,  o v e r l a p  f o r c e s  come i n t o  
p l a y .  I f  t h e  f o r e i g n  g a s  a t o m  i s  s m a l l  e n o u g h  t o  be c o m p l e t e l y  
c o n t a i n e d  w i t h i n  t h e  o r b i t a l  r a d i u s  o f  t h e  a l k a l i  v a l e n c e  
e l e c t r o n ,  a n  i n c l u s i o n  m o l e c u l e  may be f o r m e d  f o r  a s h o r t
p e r i o d  o f  t i m e .  The a p p r o a c h  o f  J e f i m e n k o  p a r a l l e l s  t h a t
37e m p l o y e d  by F e r m i  i n  h i s  t r e a t m e n t  o f  h i g h  o r d e r  s p e c t r a l  
l i n e  b r o a d e n i n g  a n d  s h i f t .
The c o n n e c t i o n  b e t w e e n  t h e  i n e l a s t i c  c r o s s  s e c t i o n s  
g i v e n  i n  t a b l e  6 a n d  t h e  o v e r l a p  f o r c e s  may be d e t e r m i n e d  by
63
c o m p a r i n g  t h e s e  c r o s s  s e c t i o n s  w i t h  t h e  t o t a l  s c a t t e r i n g  
c r o s s  s e c t i o n s  f o r  e l e c t r o n s  w i t h  i n e r t  g a s e s ,  w h e r e  t h e  
e l e c t r o n s  a r e  a s s i g n e d  v e l o c i t i e s  e q u a l  t o  t h a t  o f  t h e  4 P 3 / 2  
o r b i t a l  e l e c t r o n  i n  p o t a s s i u m .  A f t e r  t h e  m e t h o d  o f  J e f i m e n k o  
u s i n g  t h e  g r o u n d  s t a t e  r a d i u s  o f  t h e  p o t a s s i u m  a t o m  g i v e n  by
/  fl
W h a l l e y  a n d  S c h n e i d e r  , t h i s  v e l o c i t y  was  f o u n d  t o  h a v e  t h e
1 / 2v a l u e  o f  0 . 6 4  ( e V )  , a t  w h i c h  t h e  R a m s a u e r -To w n se n d  e f f e c t
i s  o b s e r v e d  i n  a r g o n ,  k r y p t o n  a n d  x e n o n ;  a t  v e l o c i t i e s  c o r r e s
p o n d i n g  t o  a b o u t  1 eV t h e s e  g a s e s  a r e  v e r y  t r a n s p a r e n t  t o
e l e c t r o n s .  The a v e r a g e  e l e c t r o n  s c a t t e r i n g  c r o s s  s e c t i o n s
o b t a i n e d  by  s e v e r a l  o b s e r v e r s  may be f o u n d  i n  M a s s e y  a n d  
49B u r h o p *  T h e s e  c r o s s  s e c t i o n s  a r e  p l o t t e d ,  t o g e t h e r  w i t h  
t h e  i n e l a s t i c  e g a s  s e c t i o n s  f r o m  t a b l e  6 , i n  f i g u r e  17 
a g a i n s t  t h e  a t o m i c  n u m b e r s  o f  t h e  i n e r t  g a s e s ,  w h i c h  s e r v e  
a s  a  c o n v e n i e n t  i n d e x .  The s i m i l a r i t y  b e t w e e n  t h e  two c u r v e s  
i s  u n m i s t a k e a b l e . F o r  a l l  o f  t h e  i n e r t  g a s e s ,  t h e  i n e l a s t i c  
c r o s s  s e c t i o n  i s  j u t f t  o n e  o r d e r  o f  m a g n i t u d e  l a r g e r  t h a n  t h e  
t o t a l  c r o s s  s e c t i o n  f o r  e l e c t r o n s .
On t h e  b a s i s  o f  t h i s  s e m i - c l a s s i c a l  mo de l  i t  i s  
e x p e c t e d  t h a t ,  a s  t h e  d i a m e t e r  o f  t h e  g a s  a t o m s  d e c r e a s e s  
f r o m  x e n o n  t o  h e l i u m ,  t h e  i n f l u e n c e  o f  t h e  o v e r l a p  f o r c e s  
w i l l  i n c r e a s e .  T h i s  i s  d u e  t o  t h e  f a c t  t h a t  d e e p e r  p e n e t r a ­
t i o n  o f  t h e  o u t e r  e l e c t r o n  s h e l l s  o f  t h e  i n e r t  g a s  a t o m s  by 
t h e  p o t a s s i u m  v a l e n c e  e l e c t r o n  i s  p o s s i b l e .  I f  t h e  o u t e r  
s h e l l  o f  t h e  g a s  a t o m  i s  p e n e t r a t e d ,  t h e  s h i e l d i n g  o f  t h e  
n u c l e a r  f i e l d  w i l l  d e c r e a s e  a s  t h e  n u m b e r  o f  t h e  r e m a i n i n g  
e l e c t r o n s  i n  d e e p e r  l y i n g  s h e l l s  d e c r e a s e s .  I n  t h e  c a s e  o f
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h e l i u m ,  t h e  p o t a s s i u m  e l e c t r o n  i s  e x p o s e d  t o  t h e  coulomb f i e l d  
of  t h e  n u c l e u s ,  n o t  s h i e l d e d  by an y  c om p l e t e  e l e c t r o n  s h e l l .  
A c c o r d i n g  to J e f i m e n k o ,  p o i n t  c h a r g e - i n d u c e d  d i p o l e  f o r c e s  may 
be i m p o r t a n t  in  t h i s  c a s e .
The e v i d e n c e  o f  f i g u r e  17 i n d i c a t e s  t h a t  t h e  e f f e c t  o f  
t h e  f r e e  e l e c t r o n  i n t e r a c t i o n  o r  o v e r l a p  f o r c e s  m u s t  be t a k e n  
i n t o  a c c o u n t  i n  o r d e r  t o  e x p l a i n  t h e  p r o g r e s s i o n  o f  c r o s s  s e c ­
t i o n s .  S i n c e  h o w e v e r  t h e  i n e l a s t i c  c r o s s  s e c t i o n s  a r e  a n  o r d e r  
o f  m a g n i t u d e  l a r g e r  t h a n  t h e  t o t a l  c r o s s  s e c t i o n s  f o r  e l e c t r o n s ,  
o v e r l a p  f o r c e s  m u s t  be o n l y  p a r t l y  r e s p o n s i b l e  f o r  t h e  i n t e r ­
a c t i o n .  The r e m a i n i n g  i n t e r a c t i o n  e n e r g y  may be a s c r i b e d  t o  
v a n  d e r  Wa a l s  o r  o t h e r  a t o m i c  i n t e r a c t i o n  f o r c e s .  S i m i l a r  
a g r e e m e n t  h a s  b e e n  d e m o n s t r a t e d  b e t w e e n  t h e  e l e c t r o n  s c a t t e r i n g
c r o s s  s e c t i o n s  a n d  t h e  i n e l a s t i c  a t o m i c  c r o s s  s e c t i o n s  i n  m i x -
28 26 t u r e s  o f  r u b i d i u m  and  c es iu m w i t h  t h e  i n e r t  g a s e s .
( i l l )  E f f e c t s  C o n t r i b u t i n g  to  t he  B e h a v i o u r  o f  t he  Z-P Curves
The Z-P c u r v e s  f o r  a l l  t h e  i n e r t  g a s e s  a t  low p r e s s u r e s
a r e  l i n e a r  and p a s s  t h r o u g h  the  o r i g i n .  However ,  a s  t h e  gas  
p r e s s u r e  i s  i n c r e a s e d  t o  a b o u t  one t o r r ,  t h e y  a c q u i r e  a n e g a ­
t i v e  c u r v a t u r e  a n d ,  i n  a l l  c a s e s ,  a g a i n  become l i n e a r  be t ween
a b o u t  20 and 1 5 0  t o r r .  As may be s e e n  i n  f i g u r e  1 1 ,  t h e
c u r v e s  t h e n  f l a t t e n  o u t  and the  s y s t e m s  s a t u r a t e  a s  t he  c o l l i ­
s i o n  numbers  become i n d e p e n d e n t  o f  t he  i n e r t  gas  p r e s s u r e s .
T hr ou gho ut  t h e  e x p e r i m e n t a l  r a n g e  o f  p r e s s u r e s ,  the 
r a t i o  o f  t he  c o l l i s i o n  numbers  Z i 2 ^ z 21 h as  t *ie v a l u e  p r e d i c t e d  
by the  p r i n c i p l e  of  d e t a i l e d  b a l a n c i n g ,  w i t h  the  e x c e p t i o n  o f  
xenon f o r  which the  r a t i o  i s  s l i g h t l y  l ow.  I t  s h o u l d  a l s o  be
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n o t e d  t h a t ,  w i t h  a l l  t h e  g a a e s ,  s a t u r a t i o n  o c c u r s  a t  p r e s ­
s u r e s  a t  w h i c h  t h e  p o t a s s i u m  i s  u n d e r g o i n g  a t  m o s t  33 c o l l i ­
s i o n s  p e r  l i f e t i m e ,  ( T ' Z ) ,  w h i c h  i s  a  v a l u e  much l o w e r  t h a n  
s h o u l d  be e x p e c t e d .  T a b l e  7 s h o w s  t h e  s a t u r a t i o n  v a l u e s  o f
*71 * ^ 2 *  Z12 4111(1 Z21 f o r  * 11 t h e  l n e r t  8 a *e »* The r a t i o s
Z1 2 ^ Z21 w e r e  o b t a i n e d  f r o m  a p o i n t - b y - p o l n t  c a l c u l a t i o n  b a s e d
on a l l  t h e  ^  v a l u e s  ( 4 0  t o  60 p o i n t s  f o r  e a c h  g a s ) .
I t  i s  u s u a l l y  a s s u m e d  t h a t  t h e  d u r a t i o n ,  t Q, o f  t h e
c o l l i s i o n  c o m p l e x  i s  o f  t h e  o r d e r  o f  o n e  m o l e c u l a r  v i b r a t i o n
- 1 2  3p e r i o d ,  a b o u t  10 s e c o n d s .  U s i n g  t h e  v a l u e s  o f  t h e  c r o s s  
s e c t i o n s  l i s t e d  i n  t a b l e  6 i n  t h e  f o l l o w i n g  c l a s s i c a l  
r e l a t i o n s h i p ,
t h e  a v e r a g e  v a l u e  o f  t Q f o r  a l l  i n e l a s t i c  c o l l i s i o n s  i s
a b o v e  a s s u m p t i o n .  The s y s t e m s  s h o u l d  b e g i n  t o  s a t u r a t e  when 
t h e  t i m e  b e t w e e n  t h e  c o l l i s i o n s  i s  a b o u t  a s  l o n g  a s  t h e  d u r a ­
t i o n  o f  a  c o l l i s i o n  a n d  t h r e e  b o d y  c o l l i s i o n s  become  p r o b a b l e .  
T h i s  s h o u l d  o c c u r ,  o n  t h e  b a s i s  o f  t h e  e x p e r i m e n t a l  e s t i m a t e
U s i n g  t h i s  v a l u e  i n  e q u a t i o n s  ( 8 ) a n d  ( 9 )  c l e a r l y  s h o w s  t h a t  
a t  t h i s  p o i n t  -  l / * ^ *  T h i s  c o n c l u s i o n ,  w h i c h  f o l l o w s  
d i r e c t l y  f r o m  t h e  e x p e r i m e n t a l  v a l u e s  o f  t h e  c o l l i s i o n  c r o s s  
s e c t i o n s ,  i s  c o n s i s t e n t  w i t h  t h e  t h e o r e t i c a l  l i m i t s  f o r  t h e  
i n t e n s i t y  r a t i o s .  The v a l u e s  f o r  ^  a n d y z  l i s t e d  i n  t a b l e  7 
f u l f i l l  n e i t h e r  o f  t h e s e  p r e d i c t i o n s .
»
f o u n d  t o  be 1 . 7 x 1 0 - 1 2 s e c o n d s ,  i n  g o o d  a g r e e m e n t  w i t h  t h e
3
o f  t Q q u o t e d  a b o v e , when r e a c h e s  t h e  v a l u e  o f  a b o u t  10
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T h e r e  a r e  s e v e r a l  p o s s i b l e  m e c h a n i s m s  w h i c h  m i g h t
e x p l a i n  t h e  b e h a v i o u r  o f  t h e  c o l l i s i o n  n u m b e r s :  t h e s e
i n c l u d e  p o s s i b l e  c h a n g e s  i n  t h e  l i f e t i m e ,  t Q, o f  t h e  q u a s i -
m o l e c u l a r  s t a t e ,  a l t e r a t i o n  i n  t h e  i n t e r a c t i o n  m e c h a n i s m ,
c h a n g e s  i n  t h e  v e l o c i t y  d i s t r i b u t i o n  o f  t h e  c o l l i d i n g  a t o m s
2
a n d  s h o r t e n i n g  o f  t h e  l i f e t i m e s  o f  t h e  P s t a t e s  i n  p o t a s s i u m .  
T h e s e  v a r i o u s  p o s s i b i l i t i e s  m e r i t  f u r t h e r  d i s c u s s i o n .
( a )  C h a n g e s  i n  t h e  l i f e t i m e  o f  t h e  c o l l i s i o n  c o m p l e x
I f  i t  i s  a s s u m e d  t h a t  t h e  l i f e t i m e ,  t 0 ,  o f  t h e  q u a s i -  
m o l e c u l e  i n c r e a s e s  w i t h  i n e r t  g a s  p r e s s u r e  o r  t h a t  t h e r e  i s  
a mi n i mum t i m e  a f t e r  o n e  i n e l a s t i c  c o l l i s i o n  b e f o r e  t h e  
p o t a s s i u m  a t o m  c a n  e n g a g e  i n  a  s e c o n d  s u c h  c o l l i s i o n ,  t h e n  
t h e  p h e n o m e n o n  o f  s a t u r a t i o n  w i l l  o c c u r  a t  a  l o w e r  p r e s s u r e  
t h a n  t h a t  p r e d i c t e d  a b o v e .  Thus  t h e  maximum p o s s i b l e  n u m b e r  
o f  i n e l a s t i c  c o l l i s i o n s  p e r  a v e r a g e  l i f e t i m e  o f  t h e  e x c i t e d  
p o t a s s i u m  a t o m s  w i l l  be d e c r e a s e d .  I f  s u c h  w e r e  t h e  c a s e ,  
t h e n  on  t h e  b a s i s  o f  t h e  s a t u r a t i o n ^ Z  v a l u e s  g i v e n  i n  t a b l e  
7 ,  t h e  l i f e t i m e  o f  t h e  d i a t o m i c  s t a t e  w o u l d  h a v e  t o  be a b o u t
_  Q
10 s e c o n d s .  T h i s  i s  r o u g h l y  e q u a l  t o  t h e  l i f e t i m e  o f  a  
m e t a s t a b l e  m o l e c u l e  a n d  i s  much t o o  l a r g e  t o  be c o n s i s t e n t  
w i t h  t h e  s t r e n g t h  o f  t h e  i n t e r a t o m i c  f o r c e s  i n v o l v e d  i n  t h e s e  
c o l l i s i o n s ;  i t  i s  a l s o  c l e a r l y  a t  v a r i a n c e  w i t h  t h e  i n t e r ­
a c t i o n  t i m e s  o b t a i n e d  f r o m  t h e  c r o s s  s e c t i o n s  u n d e r  s i n g l e  
c o l l i s i o n  c o n d i t i o n s .  I f  t h e  d u r a t i o n  o f  t h e  c o l l i s i o n s  
w e r e  t h e  p r o b l e m ,  t h e  t r u e  c o l l i s i o n  n u m b e r  Z '  s h o u l d  be 
r e l a t e d  t o  t h e  o b s e r v e d  c o l l i s i o n  n u m b e r s ,  Z ,  by a n  e q u a t i o n  
o f  t h e  f o l l o w i n g  f o r m :
69
Z '  -
1 "  fco Z
I n  n o  c a s e  do  t h e  o b s e r v e d  d a t a  y i e l d  t o  s u c h  a n  a n a l y s i s .
The f o r m a t i o n  o f  p o t a s s i u m - i n e r t  g a s  m o l e c u l e s  
i n d e p e n d e n t l y  o f  t h e  i n e l a s t i c  c o l l i s i o n  p r o c e s s  m i g h t  a l s o  
c a u s e  a d e c r e a s e  i n  t h e  n u m b e r  o f  c o l l i s i o n s  p e r  l i f e t i m e .  
H o w e v e r ,  t h i s  e f f e c t  w o u l d  a l s o  c h a n g e  t h e  r a t i o  Z j 2 / ^21 
s i n c e  t h e  m o l e c u l a r  d i s s o c i a t i o n  e n e r g y  w o u l d  be a b s o r b e d  
f r o m  t h e  k i n e t i c  e n e r g y  c o n t i n u u m .  No s u c h  c h a n g e  i n  t h e  
B o l t z m a n n  f a c t o r  h a s  b e e n  o b s e r v e d .
( b )  C h a n g e s  i n  t h e  m e c h a n i s m  o f  i n t e r a c t i o n
As t h e  i n e r t  g a s  p r e s s u r e  i s  r a i s e d ,  c h a n g e s  may 
o c c u r  i n  t h e  m e c h a n i s m  o f  t h e  i n e l a s t i c  c o l l i s i o n s .  L e s s  
e f f i c i e n t  p r o c e s s e s  may d o m i n a t e  t h e  c o l l i s i o n  n u m b e r  
c u r v e s  a t  h i g h e r  p r e s s u r e s ,  a s  t h e  s e l e c t i o n  r u l e s  f o r  t h e
v a r i o u s  t y p e s  o f  i n t e r a c t i o n s  ( v a n  d e r  W a a l s ,  QIO,  e t c . )
SObecome s m e a r e d  o u t .  I f  c r o s s  s e c t i o n s  a r e  c a l c u l a t e d  f r o m  
t h e  s l o p e s  o f  t h e  l i n e a r  s e c t i o n s  o f  t h e  Z - P  c u r v e s  a b o v e  
20 t o r r ,  t h e y  a r e  f o u n d  t o  be a b o u t  55% l o w e r  t h a n  t h e  
v a l u e s  o b t a i n e d  u n d e r  s i n g l e  c o l l i s i o n  c o n d i t i o n s  f o r  a l l  
t h e  i n e r t  g a s e s ;  t h i s  t e n d s  t o  s u p p o r t  t h e  c h a n g e  o f  m e c h a ­
n i s m  h y p o t h e s i s .  C h a n g e s  o f  m e c h a n i s m  w i t h  p r e s s u r e ,  w i t h  
a n y  a c c o m p a n y i n g  c h a n g e s  i n  t h e  s e l e c t i o n  r u l e s ,  a r e  n o t  
e x p e c t e d  t o  c h a n g e  t h e  r a t i o  o f  z i 2 ^ Z2 l '  i n  a g r e e m e n t  w i t h  
t h e  o b s e r v e d  b e h a v i o u r  o f  t h e  c o l l i s i o n  n u m b e r s .  The 
p o s s i b l e  e f f e c t s  o f  c h a n g e s  i n  t h e  i n t e r a c t i o n  m e c h a n i s m
m u s t  n o t  be o v e r l o o k e d ,  b u t  a t  t h e  same t i m e  t h e y  c a n n o t  be
e n t i r e l y  r e s p o n s i b l e  f o r  t h e  o b s e r v e d  b e h a v i o u r  o f  t h e
70
c o l l i s i o n  n u m b e r s .
( c )  C h a n g e s  i n  t h e  v e l o c i t y  d i s t r i b u t i o n  f u n c t i o n
The c o l l i s i o n  f r e q u e n c i e s  i n  t h e  p o t a s s i u m - i n e r t  g a s
m i x t u r e s  may a l s o  be c h a n g e d  by v a r i a t i o n s  i n  t h e  a t o m i c
v e l o c i t y  d i s t r i b u t i o n s .  The v e l o c i t y  d i s t r i b u t i o n  may be
c h a n g e d  by t h e  i n e l a s t i c  c o l l i s i o n s  t h e m s e l v e s .  A c o l l i s i o n
2 2w h i c h  i n d u c e s  a p 3 / 2  t r a n s i t i o n  a t  a t e m p e r a t u r e  o f
368°K ( k T » 2 5 6  c m"*)  l e a v e s  t h e  c o l l i d i n g  p a i r  o f  a t o m s  w i t h  
t h e i r  k i n e t i c  e n e r g y  o f  r e l a t i v e  m o t i o n  r e d u c e d  by 227. ;  
s i m i l a r l y ,  t h e  r e v e r s e  t r a n s i t i o n  a d d s  t o  t h e  r e l a t i v e  
k i n e t i c  e n e r g y .  T h u s ,  i m m e d i a t e l y  a f t e r  a n  i n e l a s t i c  c o l l i ­
s i o n ,  t h e  v e l o c i t i e s  o f  t h e  c o l l i d i n g  a t o m s  a r e  q u i t e  d i f f e r ­
e n t  f r o m  t h o s e  p r e d i c t e d  by Maxwe1 1 - B o l t z m a n n  s t a t i s t i c s .  
H o w e v e r ,  t h e  r e l a x a t i o n  t i m e  f o r  t h e  r e s t o r a t i o n  o f  e q u i l i ­
b r i u m  v e l o c i t i e s  i s  o f  t h e  o r d e r  o f  t h e  e l a s t i c  c o l l i s i o n
i n t e r v a l ^ ,  a n d  t h e  e l a s t i c  c o l l i s i o n  c r o s s  s e c t i o n s  have
52b e e n  shown by R o t h e  a n d  B e r n s t e i n  t o  be a t  l e a s t  a n  o r d e r  
o f  m a g n i t u d e  l a r g e r  t h a n  t h e  i n e l a s t i c  c r o s s  s e c t i o n s  g i v e n  
i n  t a b l e  6 . I n  a d d i t i o n ,  t h e  r a t i o  Z ^ / Z 2 \ w o u l d  be d r a s t i ­
c a l l y  a l t e r e d  by s u c h  l a r g e  c h a n g e s  i n  k i n e t i c  e n e r g y ;  no 
s i g n i f i c a n t  d e v i a t i o n  o f  t h i s  r a t i o  f r o m  t h a t  p r e d i c t e d  t h e ­
o r e t i c a l l y  h a s  b e e n  o b s e r v e d .
53I t  h a s  b e e n  d e m o n s t r a t e d  by Kumml er  a n d  M c C a r t y  
t h a t  t h e  v a r i a t i o n  o f  t h e  I n t e n s i t y  o f  t h e  e x c i t i n g  l i n e  
a c r o s s  t h e  a b s o r p t i o n  l i n e  i n  a  f l u o r e s c e n c e  s p e c t r u m  w i l l  
r e s u l t  i n  a  n o n - M a x w e 1 1 i a n  v e l o c i t y  d i s t r i b u t i o n  o f  t h e  
e x c i t e d  a t o m s  o r  m o l e c u l e s .  I f  t h e  c e n t r e  o f  t h e  a b s o r p t i o n
7 1
l i n e  i s  a p p r e c i a b l y  d i s p l a c e d  f rom t he  c e n t r e  of  t h e  e x c i t i n g  
l i n e ,  o r  i f  t he  e x c i t i n g  l i n e  i s  s t r o n g l y  s e l f  r e v e r s e d ,  t h e n  
e i t h e r  f a s t  o r  s lo w a toms may be s e l e c t i v e l y  e x c i t e d ,  l e a d i n g  
to  a n o n - e q u i l i b r i u m  v e l o c i t y  d i s t r i b u t i o n  o f  the e x c i t e d  
a t o m s .  An e x a c t  a n a l y s i s  o f  t h i s  e f f e c t  r e q u i r e s  a d e t a i l e d  
knowledge  o f  t he  e x c i t i n g  and a b s o r p t i o n  l i n e  s h a p e s ,  b u t  i s  
much s i m p l i f i e d  when,  a s  i n  the  p r e s e n t  e x p e r i m e n t ,  a toms 
a r e  b e i n g  e x c i t e d  by r a d i a t i o n  g e n e r a t e d  by i d e n t i c a l  a t o m s .
Kummler and McCar ty assumed i n  t h e i r  c a l c u l a t i o n  a 
G a u s s i a n  s ha pe  o f  t h e  i n c i d e n t  l i n e  and a D o p p l e r - b r o a d e n e d  
p r o f i l e  o f  t he  a t o m i c  a b s o r p t i o n  l i n e .  These  a s s u m p t i o n s  
a r e  r e a s o n a b l e  i n  t h e  low p r e s s u r e  r e g i o n  o f  the p r e s e n t  
e x p e r i m e n t  where i t  may be shown t h a t  the  d e v i a t i o n  f rom the  
M a x w e l l i a n  v e l o c i t y  d i s t r i b u t i o n  r a n g e s  f rom 07. f o r  h e l i u m  t o  
37. f o r  x e no n .
In c o n s i d e r i n g  t h e  e x p e r i m e n t a l  r e s u l t s ,  t h e  change  
o f  c o l l i s i o n  f r e q u e n c y  w i t h  i n e r t  gas  p r e s s u r e  i s  o f  p a r t i ­
c u l a r  i n t e r e s t .  Kummler and  M c C a r t y ' s  t h e o r y  p r e d i c t s  t h a t  
o n l y  a p r e s s u r e  s h i f t  o f  t h e  a b s o r p t i o n  l i n e  would p r odu ce
such  an e f f e c t .  ( Fo r  example  t h e  p r e s s u r e  s h i f t  due t o  a r g o n
- 1  54amount s  t o  0 . 1 5  cm a t  3 0 0  t o r r .  ) However ,  t h e  v e r y
r a p i d  t h e r m a l  r e l a x a t i o n  o f  the  s y s t e m  e n s u r e s  t h a t  o n l y  the
f i r s t  i n e l a s t i c  c o l l i s i o n  e x p e r i e n c e d  by an e x c i t e d  a tom has
any p r o b a b i l i t y  o f  o c c u r r i n g  un d er  n o n - e q u i l i b r i u m  v e l o c i t y
d i s t r i b u t i o n .  I t  f o l l o w s  t h a t  t h e  c o r r e c t i o n s  f o r  c h a n g e s
i n  t h e  v e l o c i t y  d i s t r i b u t i o n  need  be made o n l y  u n d e r  s i n g l e
c o l l i s i o n  c o n d i t i o n s  ( b e l o w one t o r r ) ,  where t h ey  amount  t o
72
l e s s  t h a n  37L. I t  w o u l d ,  t h e r e f o r e ,  s e e m  t h a t  t h e  b e h a v i o u r  
o f  t h e  c o l l i s i o n  n u m b e r s  a t  h i g h  p r e s s u r e s  c a n  n o t  be 
e x p l a i n e d  o n  t h e  b a s i s  o f  c h a n g e s  i n  t h e  v e l o c i t y  d i s t r i ­
b u t i o n  o f  t h e  a t o m s  i n  t h e  m i x t u r e .
2
( d )  A d e c r e a s e  i n  t h e  l i f e t i m e  o f  t h e  p s t a t e s  i n  p o t a s s i u m  
T h e r e  a r e  two p r o c e s s e s  w h i c h  c a n  d e c r e a s e  t h e  l i f e ­
t i m e s  o f  t h e  r e s o n a n c e  s t a t e s  i n  p o t a s s i u m :  q u e n c h i n g  by t h e
i n e r t  g a s e s  a n d  s t i m u l a t i o n  o f  e m i s s i o n  by a t o m i c  c o l l i s i o n s .
A q u e n c h i n g  o f  t h e  r e s o n a n c e  r a d i a t i o n  may be a c c o m p l i s h e d  by 
t r a n s f e r r i n g  e x c i t a t i o n  e n e r g y  t o  t h e  i n e r t  g a s  a t o m s  w i t h  
s u b s e q u e n t  r e r a d i a t i o n ,  o r  by t o t a l  c o n v e r s i o n  o f  t h e  e x c i t a ­
t i o n  e n e r g y  i n t o  k i n e t i c  e n e r g y  o f  r e l a t i v e  m o t i o n .  E i t h e r  
o f  t h e s e  m e c h a n i s m s  m u s t  i n v o l v e  a  d e c r e a s e  i n  t h e  t o t a l
f l u o r e s c e n t  i n t e n s i t y  o f  t h e  p o t a s s i u m  d o u b l e t .  B e c a u s e  o f
2
t h e  l a r g e  e n e r g y  i n t e r v a l  b e t w e e n  t h e  P s t a t e s  i n  p o t a s s i u m
a n d  t h e  n e a r e s t  e x c i t e d  s t a t e s  i n  t h e  i n e r t  g a s e s ,  q u e n c h i n g
i s  m o s t  l i k e l y  t o  p r o c e e d  by t h e  i n e f f i c i e n t  k i n e t i c  e n e r g y
29c o n v e r s i o n  m e c h a n i s m .  The c r o s s  s e c t i o n s  f o r  q u e n c h i n g  
a r e  e x p e c t e d  t o  be v e r y  much s m a l l e r  t h a n  t h o s e  f o r  i n e l a s t i c  
c o l l i s i o n s .
The q u e n c h i n g  p r o c e s s ,  i f  i t  w e r e  d e t e c t a b l e ,  w o u l d  
c o m p e t e  w i t h  t h e  p r e s s u r e  b r o a d e n i n g  a n d  s h i f t  o f  t h e  r e s o ­
n a n c e  l i n e s ;  p r e s s u r e  b r o a d e n i n g  t e n d s  t o  I n c r e a s e  t h e  t o t a l  
i n t e n s i t y  o v e r  a w i d e  r a n g e  o f  p r e s s u r e  ( u p  t o  10 o r  20 t o r r )  
by  i n c r e a s i n g  t h e  a b i l i t y  o f  t h e  p o t a s s i u m  a t o m s  t o  a b s o r b  
t h e  r e l a t i v e l y  b r o a d  ( 0 . 1 5  cm” 1 ) e x c i t i n g  l i n e s .  The t o t a l  
i n t e n s i t y  r e a c h e s  a maximum a n d  t h e n  b e g i n s  t o  d e c r e a s e  a s
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Che c e n t r e  o f  t h e  a b s o r p t i o n  l i n e  i s  s h i f t e d  f a r t h e r  away  
f r o m  t h e  c e n t r e  o f  t h e  e x c i t i n g  l i n e .  The v a r i a t i o n  i n  t h e  
t o t a l  f l u o r e s c e n t  i n t e n s i t y  w i t h  p r e s s u r e  i n  m i x t u r e s  o f  
p o t a s s i u m  w i t h  h e l i u m ,  k r y p t o n  a n d  x e n o n  i s  shown  i n  f i g u r e s  
18 ,  19 a n d  20 r e s p e c t i v e l y .  T y p i c a l l y ,  t h e  i n t e n s i t y  b e g i n s  
t o  f a l l  a t  a b o u t  20 t o r r .  A l l  t h e  g a s e s  e x h i b i t  a maximum 
i n  t o t a l  f l u o r e s c e n t  i n t e n s i t y  a t  a b o u t  5 t o r r ;  t h e  v e r y  
p r o n o u n c e d  p e a k  i n  t h e  c a s e  o f  h e l i u m  m i g h t  be c o n n e c t e d  
w i t h  t h e  f a c t  t h a t  h e l i u m  p r o d u c e s  a v i o l e t  s h i f t  i n  t h e
r e s o n a n c e  l i n e s ,  w h i l e  t h e  o t h e r  i n e r t  g a s e s  p r o d u c e  a  r e d
4 0s h i f t .  I f  any  q u e n c h i n g  o f  f l u o r e s c e n c e  i s  t a k i n g  p l a c e ,
t h e  c r o s s  s e c t i o n  f o r  t h e  p r o c e s s  m u s t  be v e r y  much s m a l l e r
t h a n  t h e  o p t i c a l  c r o s s  s e c t i o n s  f o r  t h e  i n e r t  g a s e s  s i n c e
t h e  p r e s s u r e  b r o a d e n i n g  e f f e c t  a p p e a r s  t o  d o m i n a t e  t h e  t o t a l
i n t e n s i t y  c u r v e .
D e mt r od e r  s t u d i e d  h e l i u m  p r e s s u r e - i n d u c e d  chan ges
2i n  t h e  l i f e t i m e s  o f  t h e  3 P s t a t e s  o f  s o d i u m .  He i n t e r p r e t e d  
t h e  r e s u l t s  o f  h i s  e x p e r i m e n t  i n  t e r m s  o f  t h e  q u e n c h i n g  o f  
r e s o n a n c e  r a d i a t i o n  by h e l i u m  a n d  c a l c u l a t e d  a  q u e n c h i n g  
c r o s s  s e c t i o n  o f  0 . 3 4  S t a m p e r 56 u n d e r t o o k  a t h e o r e t i c a l
a n a l y s i s  o f  t h e  Na-He  s y s t e m  a n d  c o n c l u d e d  t h a t  a s  l o n g  a s  
t h e  a t o m s  r e m a i n e d  f r e e  a n d  n e u t r a l ,  c o l l i s i o n s  w o u l d  be 
s u f f i c i e n t l y  a d i a b a t i c  t o  make q u e n c h i n g  p r a c t i c a l l y  i m p o s s i b l e .  
I t  i s  l i k e l y  t h e n  t h a t  D e m t r o d e r  a c t u a l l y  o b s e r v e d  s t i m u l a t e d  
e m i s s i o n  o f  r e s o n a n c e  r a d i a t i o n  by a c o l l i s i o n  p r o c e s s .
I f  i t  i s  assumed t h a t  t h e  b e h a v i o u r  o f  the  Z-P c u r v e s  
may be a c c o u n t e d  f o r  by a d e c r e a s e  i n  the  mean l i f e t i m e  o f  t he
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F i g .  2 0 .  T o t a l  F l u o r e s c e n t  I n t e n s i t i e s  i n
s  P o t a s s i u m - X e n o n  M i x t u r e
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2
P l e v e l s  i n  p o t a s s i u m ,  t h e n  i t  i s  p o s s i b l e  t o  c a l c u l a t e  t h e  
e f f e c t i v e  l i f e t i m e ? - '  a t  a n y  g i v e n  i n e r t  g a s  p r e s s u r e  P .
T h i s  c a l c u l a t i o n  i s  b a s e d  u p o n  t h e  c o l l i s i o n  n u m b e r s  e x t r a ­
p o l a t e d  f r o m  t h e  l o w  p r e s s u r e  ( l i n e a r )  r e g i o n  a n d  t h e  o b s e r v e d  
c o l l i s i o n  n u m b e r s  a t  a  g i v e n  i n e r t  g a s  p r e s s u r e .  The r a t i o  
o f  t h e  e f f e c t i v e  l i f e t i m e , ? ' ' ,  t o  t h e  l i f e t i m e  a t  z e r o  i n e r t  
g a s  p r e s s u r e , ^ ,  i s  s hown  a s  a f u n c t i o n  o f  i n e r t  g a s  p r e s s u r e  
i n  f i g u r e  2 1 .  R e s u l t s  f o r  a l l  p o t a s s i u m - i n e r t  g a s  m i x t u r e s  
a r e  s hown a l o n g  w i t h  t h e  r e s u l t s  o f  D e m t r o d e r ' s  e x p e r i m e n t .
T h e r e  a p p e a r s  t o  be a g e n e r a l  a g r e e m e n t  b e t w e e n  t h e  
s h a p e s  o f  t h e  ? ' / , ( / ' - P c u r v e s  f o r  p o t a s s i u m - i n e r t  g a s  m i x t u r e s  
a n d  D e m t r o d e r ' s  c u r v e  f o r  N a - H e . The f l a t t e n e d  p o r t i o n s  o f  
t h e  p o t a s s i u m  c u r v e s  c o r r e s p o n d  t o  t h e  l i n e a r  p o r t i o n s  o f  t h e  
Z-P c u r v e s  a t  h i g h  p r e s s u r e s .  T h i s  o v e r a l l  a g r e e m e n t  w i t h  
D e m t r o d e r ' s  r e s u l t s  s t r o n g l y  s u g g e s t s  t h a t  t h e  e a r l y  s a t u r a ­
t i o n  o f  t h e  p o t a s s i u m - i n e r t  g a s  s y s t e m s  may be du e  t o  s t i m u ­
l a t e d  e m i s s i o n ;  t h e  Z- P c u r v e s  w o u l d  b e c ome  p r e s s u r e  i n d e p e n ­
d e n t  b e c a u s e  t h e  l i f e t i m e s  o f  t h e  r e s o n a n c e  s t a t e s  d e c r e a s e  
w i t h  i n c r e a s i n g  i n e r t  g a s  p r e s s u r e  w h i l e  t h e  n u mb e r  o f  c o l l i ­
s i o n s  p e r  u n i t  t i me  i n c r e a s e s .
By a p r o c e s s  o f  e l i m i n a t i o n ,  i t  h a s  become  a p p a r e n t  
t h a t  t h e  b e h a v i o u r  o f  t h e  Z- P c u r v e s  p r o b a b l y  d e p e n d s  on a 
p r e s s u r e  d e p e n d e n t  c h a n g e  i n  t h e  m e c h a n i s m  o f  t h e  i n e l a s t i c  
c o l l i s i o n s  a n d  on  c o l l i s i o n - s t i m u l a t e d  e m i s s i o n  o f  t h e  
p o t a s s i u m  r e s o n a n c e  r a d i a t i o n .
E x p e r i m e n t s  d e s i g n e d  t o  d i r e c t l y  m e a s u r e  t h e  l l f e -  
2
t i m e s  o f  t h e  4 P l e v e l s  i n  p o t a s s i u m  u n d e r  i n e r i  g a s  p r e s s u r e
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a r e  now i n  p r o g r e s s  i n  t h i s  l a b o r a t o r y .  The r e s u l t s  o f  t h e s e  
e x p e r i m e n t s  s h o u l d  i n d i c a t e  w h e t h e r  o r  n o t  t h e  a b o v e  c o n c l u ­
s i o n s ,  r e a c h e d  b y  a n  i n d i r e c t  m e t h o d ,  c o r r e s p o n d  t o  r e a l i t y .
( i v )  The D e v i a t i o n  o f  Q ^ 2 ^ 2 1  ^o r  K” Xe C o l l i s i o n s  f r o m t h e  
T h e o r e t i c a l l y  P r e d i c t e d  V a l u e
I t  i s  o n l y  i n  t h e  c a s e  o f  t h e  K-Xe s y s t e m  t h a t  t h e
t h e o r e t i c a l  v a l u e  o f  Q i 2 ^ 2 1  l i e s  o u t s i d e  t h e  r a n g e  o f  e r r o r
o f  t h e  e x p e r i m e n t a l l y  m e a s u r e d  r a t i o .  I n  t h e  r u b i d i u m - i n e r t
2 8g a s  s y s t e m s  t o n l y  t h e  K-He a n d  K-Ne c r o s s  s e c t i o n s  c o n f o r m  
t o  t h e  t h e o r e t i c a l  Q^2 ^ 2 1  r a t i o  an(* t h e  r e m a i n i n g  v a l u e s  
f a l l  b e l o w  t h i s  r a t i o  by p r o g r e s s i v e l y  g r e a t e r  a m o u n t s ,  a s  
t h e  p o l a r i z a b i l i t i e s  o f  t h e  i n e r t  g a s e s  i n c r e a s e .  I n  m i x t u r e s  
o f  c e s i u m  w i t h  t h e  i n e r t  g a s e s ^ * * ,  o n l y  t h e  Cs - He  v a l u e  a g r e e s  
w i t h  t h e  t h e o r e t i c a l  r a t i o ;  t h e  r e m a i n i n g  p a i r s  s h o w d e v i a t i o n s  
w h i c h  i n c r e a s e  w i t h  t h e  p o l a r i z a b i 1 i t y  o f  t h e  i n e r t  g a s e s .  The 
maximum o b s e r v e d  d e v  * a t } vjn e q u a l s  827. f o r  t h e  Cs - Xe  s y s t e m .
The  d e v i a t i o n s  i n  t h e  c r o s s  s e c t i o n  r a t i o s  w i t h  r u b i ­
d i u m  and  c e s i u m  h a v e  b e e n  i n t e r p r e t e d  o n  t h e  b a s i s  o f  a c o m p e t ­
i n g  i n e l a s t i c  c o l l i s i o n  p r o c e s s  i n v o l v i n g  v a n  d e r  Wa a l s  m o l e -  
2 6c u l e s  , w h i c h  i n c l u d e s  e x c h a n g e s  b e t w e e n  t h e  k i n e t i c  e n e r g y  
c o n t i n u u m  and  t h e  m o l e c u l a r  bond e n e r g y .  I n  v i e w  o f  t h e  
e s t a b l i s h e d  g r a d a t i o n  i n  t h e  c r o s s  s e c t i o n  r a t i o  f r o m  c e s i u m  
t o  r u b i d i u m ,  i t  may be  t h a t  a  s i m i l a r  m e c h a n i s m  i s  r e s p o n s i b l e  
f o r  t h e  s m a l l  d e v i a t i o n  o f  Q^ 2 ^ 2 1  i n  t h e  K-Xe s y s t e m  f r o m  t h e  
t h e o r e t i c a l  v a l u e .
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C. The T o t a l  C r o s s  S e c t i o n s  f o r  I n e l a s t i c  C o l l i s i o n s  b e t w e e n  
P o t a s s i u m  At oms
The i n t e n s i t y  r a t i o s , 4^ ,  w e r e  m e a s u r e d  i n  t h e  p u r e  
p o t a s s i u m  v a p o u r  a c c o r d i n g  t o  t h e  t e c h n i q u e  o u t l i n e d  i n  
s e c t i o n  I I I , B .  They a r e  shown a s  f u n c t i o n s  o f  p o t a s s i u m  
v a p o u r  p r e s s u r e  i n  f i g u r e  2 2 .  As  e x p e c t e d ,  t h e  i n t e n s i t y  
r a t i o s  a r e  l i n e a r  a t  l o w  v a p o u r  p r e s s u r e s .  As r a d i a t i o n  
d i f f u s i o n  s e t s  i n ,  t h e  o b s e r v e d  ^  v a l u e s  i n c r e a s e  r a p i d l y  
a n d  n o n - 1 i n e a r l y . The i n t e r c e p t s  o f  b o t h  c u r v e s  o n  t h e  ^  
a x i s  a r i s e  f r o m  t h e  s m a l l  t r a n s m i s s i o n  o f  t h e  u n w a n t e d  com­
p o n e n t  o f  t h e  f l u o r e s c e n c e  d o u b l e t  t h r o u g h  t h e  a n a l y z i n g  
i n t e r f e r e n c e  f i l t e r s .  T h e s e  i n t e r c e p t s ,  a s  w e l l  a s  t h e  
r e l a t i o n s h i p  b e t w e e n  t h e  o b s e r v e d  ^  v a l u e s  a n d  t h e  
v a l u e s  c o r r e c t e d  f o r  t h e  f i l t e r  t r a n s m i s s i o n s  a r e  e x p l a i n e d  
be l o w .
F o r  e i t h e r  ^  v a l u e ,  l e t  
Jb -  t r a n s m i s s i o n  o f  t h e  i n t e r f e r e n c e  f i l t e r s  t o  s e n s i t i z e d  
f l u o r e s c e n c e ;
B -  t r a n s m i s s i o n  o f  t h e  i n t e r f e r e n c e  f i l t e r s  t o  r e s o n a n c e  
f l u o r e s c e n c e ;
& -  t r a n s m i s s i o n  o f  t h e  n e u t r a l  d e n s i t y  f i l t e r  t o  e i t h e r
c o m p o n e n t  o f  t h e  r e s o n a n c e  d o u b l e t .
The i n t e n s i t i e s  a r e  r e p r e s e n t e d  by I  a n d  t h e  s u p e r s c r i p t s  R 
a n d  S r e f e r  t o  r e s o n a n c e  a n d  s e n s i t i z e d  f l u o r e s c e n c e ,  r e s ­
p e c t i v e l y .
The o b s e r v e d  f l u o r e s c e n t  i n t e n s i t i e s  a r e  r e l a t e d  t o
t h e  t r u e  i n t e n s i t i e s  by t h e  f o l l o w i n g  e q u a t i o n s :
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( 3 8 )
( 3 9 )
D i v i d i n g  e q u a t i o n  ( 3 8 )  by e q u a t i o n  ( 3 9 )  a n d  u s i n g  t h e  
d e f i n i  t i o n s
o b s
1 obs 
R
* obs
a n d 7 -  —
(  i R ’
r e s u l t s  i n
7 o b s  *
R e a r r a n g i n g  e q u a t i o n  ( 4 0 )  g i v e s
H j J L  .
( i  + 7 >
( 4 0 )
obs (1 ♦ ( 4 1 )
I t  i s  c l e a r  f r o m  e q u a t i o n  ( 4 1 )  t h a t  i n  t h e  l o w v a p o u r  p r e s s u r e  
l i m i t ,  when  7  )  0 ,
^ o b .  ■  - f  •  < 4 2 >
* / f .  t h e  i n t e r c e p t  o f  t h e  ^ o b s " * *  c u r v e  on t h e  o r d i n a t e  a x i s  
w i l l  be d e s i g n a t e d  a s  ^ o b s  * 7 ^  1 » e q u a t i o n  ( 4 1 )  r e d u c e s
to:
7 "  £ - ( 7 o b s “ 7°obs ) . ( 4 3 )
The f o l l o w i n g  e q u a t i o n  i s ,  h o w e v e r ,  c o r r e c t  f o r  a l l  v a l u e s  
o f  7  ;
7 -
*fi _ -wO 
( o b s  ( o b s
P ' S  -  7 o b s» '  m
( 4 4 )
The t r a n s m i s s i o n s  p  a n d  £  w e r e  m e a s u r e d  i n  s i t u  
u s i n g  p o t a s s i u m  r e s o n a n c e  f l u o r e s c e n c e  e m i t t e d  f r o m  t h e  c e l l
83
a t  a  v a p o u r  p r e a s u r e  o f  a b o u t  1 0 " *  t o r r ;  a DC r e c o r d i n g  m e t h o d  
was  e m p l o y e d  t o  a v o i d  o v e r l o a d i n g  t h e  s c a l e r .  The d i r e c t  
m e a s u r e m e n t  o f  f  I n  s i t u  i s  muc h  mor e  d i f f i c u l t .  The i n t e n ­
s i t y  o f  t h e  c o m p o n e n t  i n  t h e  f l u o r e s c e n t  s p e c t r u m  a r i s i n g  f r o m 
s e n s i t i z e d  f l u o r e s c e n c e  wa s  e x p e c t e d  t o  be c o m p a r a b l e  t o  t h a t  
I n t e n s i t y  o f  t h e  c o m p o n e n t  due  t o  t h e  r e s o n a n c e  f l u o r e s c e n c e  
a t  1 0 ” * t o r r ,  w h i c h  w o u l d  be t r a n s m i t t e d  t h r o u g h  t h e  i n t e r ­
f e r e n c e  f i l t e r s .  ( Th e  l a t t e r  d e t e r m i n e s  I f . )  S i n c e  t h e  r e l a ­
t i v e  i n t e n s i t y  o f  t h e  s e n s i t i z e d  c o m p o n e n t  a s  w e l l  a s  t h e
t o t a l  f l u o r e s c e n t  i n t e n s i t y  d e c r e a s e  l i n e a r l y  w i t h  v a p o u r
p r e s s u r e ,  n o  a d v a n t a g e  c o u l d  be g a i n e d  by  l o w e r i n g  t h e  v a p o u r  
p r e s s u r e  i n  t h e  c e l l .  F o r  t h i s  r e a s o n ,  t h e  r a t i o  was
o b t a i n e d  f r o m  a l e a s t  s q u a r e s  a n a l y s i s  o f  t h e  l i n e a r  p o r t i o n s  
o f  t h e  c u r v e s  s hown i n  f i g u r e  2 2 .  T h e s e  i n t e r c e p t s ,  t o g e t h e r  
w i t h  t h e  d i r e c t l y  m e a s u r e d  v a l u e s  o f  £  y i e l d  t h e  t r a n s m i s s i o n s  J f .
The  p r e s s u r e  a t  w h i c h  t h e  c u r v e  b e c o me s  n o n ­
l i n e a r  ( 2  x 1 0 " ^  t o r r )  i s  f a i r l y  o b v i o u s .  Ho we v e r  i t  i s  mor e  
d i f f i c u l t  t o  s e l e c t  t h e  p o i n t  a t  w h i c h  b e c o m e s  n o n - l i n e a r
a n d ,  t h e r e f o r e ,  t h e  s l o p e  o f  t h i s  c u r v e  i s  mor e  d i f f i c u l t  t o  
e s t a b l i s h .  I t  i s  e x p e c t e d  f r o m t h e  d i s c u s s i o n  i n  s e c t i o n  IV, A 
t h a t  w i l l  become  n o n - l i n e a r  a t  h a l f  t h e  p r e s s u r e  a t  w h i c h
^ 2  b e c o m e s  n o n - l i n e a r .  T h i s  b e h a v i o u r  h a s  b e e n  d e m o n s t r a t e d
2 7 2 5i n  t h e  c a s e s  o f  r u b i d i u m  and c e s i u m  ,  w h e r e  t h e  p o i n t s  o f  
d e p a r t u r e  f r o m l i n e a r i t y  a r e  much  b e t t e r  d e f i n e d  t h a n  i n  t h e  
c a s e  o f  p o t a s s i u m .  B e c a u s e  o f  t h e s e  a d d i t i o n a l  f a c t s ,  t h e  
l e a s t  s q u a r e s  a n a l y s i s  o f  wa s  t e r m i n a t e d  a t  1 x 1 0 **^  t o r r .
The m e a s u r e d  t r a n s m i s s i o n  p a r a m e t e r s  a f f e c t i n g  t h e  
i n t e n s i t y  r a t i o s  a r e  l i s t e d  i n  t a b l e  8 .
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TABLE 8
P r o p e r t i e s  o f  t h e  I n t e r f e r e n c e  a n d  N e u t r a l  D e n s i t y  
F i l t e r s ,  A f f e c t i n g  t h e  V a l u e s  o f  ^ ^  a n d  ^  2
P a r a me  t e r
P a r a m e  t e r s A f f e c t i n g  ^ ^ P a r a m e  t e r s A f f e c t i n g  ^ 2
M e a s u r e d
Va l u e
M a n u f a c t u r e r ' s  
S p e c i f i c a t i o n
M e a s u r e d
V a l u e
M a n u f a c t u r e  r ' s  
S p e c i f i c a t i o n
£ 0 . 3 4 3 0 . 4 2 0 . 3 3 2 0 . 4 1
6 6 . 4 1  x 1 0 ’ 3 5 . 9 1 x 1 0 “ 3
r obs < * / $ > 2 . 92 x 1 0 “ 3 6 . 1 3  x 1 0 ~ A
1 . 87 x 1 0 ’ 5 ~ 2 . 0  x 1 0 “ 6 3 . 6 2  x 1 0 " 6 ~  2 x 1 0 " 6
The t r a n s m i s s i o n s ,  p  , m e a s u r e d  f o r  b o t h  f l u o r e s c e n t  
c o m p o n e n t s ,  a r e  a b o u t  1 0 % s m a l l e r  t h a n  t h e  v a l u e s  s p e c i f i e d  
by t h e  m a n u f a c t u r e r .  T h i s  i s  du e  t o  t h e  f a c t  t h a t  t h e  f l u o r e s c ­
i n g  r e g i o n  o f  t h e  c e l l  o c c u p i e d  a  f i n i t e  v o l u m e  so  t h a t  t h e  
e m i t t e d  l i g h t  c o u l d  n o t  be p e r f e c t l y  c o l l i m a t e d .  The  v a l u e  
o f  if t a k e n  f r o m t h e  i n t e r c e p t  o f  t h e   ^ c u r v e  i s  i n  good 
a g r e e m e n t  w i t h  t h e  t r a n s m i s s i o n  s u p p l i e d  by t h e  m a n u f a c t u r e r ;  
t h a t  t a k e n  f r o m t h e  ^ ^  c u r v e  i s  a n  o r d e r  o f  m a g n i t u d e  h i g h e r  
t h a n  t h e  m a n u f a c t u r e r ' s  v a l u e .  T h i s  d i s p a r i t y  p r o b a b l y  r e ­
f l e c t s  t h e  g r e a t e r  s e n s i t i v i t y  o f  t h e  f i l t e r s  t o  n o n - p a r a l l e l  
l i g h t  o f  t h e  l o n g - w a v e  l e n g t h  c o m p o n e n t  o f  t h e  r e s o n a n c e  d o u b l e t .
The  v a l u e s  o f  t h e  p a r a m e t e r s  l i s t e d  i n  t a b l e  8 , 
i n s e r t e d  i n  e q u a t i o n s  ( 4 3 )  a n d  ( 4 4 )  t o g e t h e r  w i t h  t h e  o b s e r v e d  
v a l u e s ,  y i e l d e d  t h e  t r u e  ^  v a l u e s .  T a b l e  9 l i s t s  t h e  
o b s e r v e d  ^  v a l u e s  a s  w e l l  a s  t h e  t r u e  ^  v a l u e s  e x t r a c t e d  
f r o m  t he m f o r  t h e  f u l l  r a n g e  o f  e x p e r i m e n t a l  v a p o u r  p r e s s u r e s .
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TABLE 9
F l u o r e s c e n t  I n t e n s i t y  R a t i o s
I n d u c e d  by P o t a s s i u m - P o t a s s i u m  C o l l i s i o n s
S i d e  Oven 
T e m p e r a t u r e
( °  C)
P o t a s s i  urn 
V a p o u r  
P r e s s u r e  
( t o r r )
no o b ®
( l
i i / i 2
f j « o b s
' 2
I l / I 2 i ^ n . 2 CM
5 8 . 7 6 . 6  x 1 0 ~ 7 2 . 8 9  x I O* 3 7 . 4 4  x IO" 4 0 . 0 0 2 . 2 0  x 10 “ 6
7 0 . 5 1 . 9 5  x 1 0 ” 6 3 . 1 8  x 1 0 ” 3 8 . 3 1  x 10“ 4 4 . 8 6  x I O’ 6 3 . 6 7  x 10" 6
7 5 . 8 3 . 0  x 1 0 “ 6 3 . 3 1  x 1 0 “ 3 8 . 5 0  x 1 0 “ 4 7 . 2 9  x 1 0 “ 6 3 . 9 8  x 1 0 ’ 6
77 .3 3 . 4  x 1 0 “ 6 3 . 07  x 1 0 " 3 2 . 8 1  x 1 0 ~ 6
7 9 . 5 4 . 0  x 1 0 “ 6 3 . 1 0  x 1 0 “ 3 8 . 6 9  x 1 0 “ 4 3 . 3 7  x I O” 6 4 . 3 0  x 1 0 “ 6
8 1 . 0 4 . 5  x 1 0 “ 6 3 . 0 6  x 1 0 " 3 8 . 8 1  x 1 0 “ 4 2 . 6 2  x I O- 6 4 . 5 0  x 1 0 ” 6
81 . 4 4 . 7  x 1 0 ” 6 3 . 0 3  x 1 0 " 3 2 . 0 6  x I O" 6
8 4 . 1 5 . 7  x 1 0 " 6 3 . 2 5  x 1 0 " 3 1 . 2 2  x I O " 3 6 . 1 7  x 1 0 “ 6 1 .0 2  x I O" 3
8 5 . 0 6 . 2  x 1 0 “ 6 3 . 3 1  x 1 0 ” 3 1 . 1 6 x 1 0 “ 3 7 . 2 9  x 1 0 “ 6 9 . 2 4  x 10" 6
8 5 . 9 6 . 7  x 1 0 ” 6 3 . 3 3  x 1 0 ” 3 1 . 3 3  x IO" 3 7 . 6 7  x 1 0 “ 6 1 .2 1  x 10“ 3
87 . 0 7 . 4  x 1 0 “ 6 3 . 1 5  x 1 0 “ 3 1 . 2 8  x 1 0 “ 3 4 . 3 0  x 10" 6 1 . 1 3  x 10“ 3
8 8 . 0 8 . 0  x 1 0 “ 6 3 . 4 5  x 1 0 “ 3 I . 5 4  x I O " 3 9 . 9 1  x 1 0 * 6 I . 5 6  x 10“ 3
9 0 . 0
>6
9 . 4  x 10 3 . 2 9  x I O - 3 1 . 5 5  x 10“ 3 6 . 9 2  x 1 0 ~ 6 1 . 5 8  x IO- 5
91 . 0 1 . 0  x 1 0 ~ 3 3 . 6 1  x I O " 3 1 . 5 9  x 10“ 3 1 . 2 9  x IO" 3 I . 6 5  x 1 0“ 5
91 .8 1 .1  x 1 0 " 5 3 . 6 4  x 1 0 " 3 1 . 4 4  x IO**3 I . 3 5  x 1 0 “ 3 1 . 3 9  x I O- 5
9 3 . 0 1 . 2  x 1 0 “ 3 3 . 7 3  x 1 0 ~ 3 1 . 7 3  x 10~ 3 1 . 5 1  x 1 0 “ 5 1 . 8 8  x IO” 3
9 4 . 0 1 . 3  x 1 0 ~ 3 3 . 9 0  x 1 0 " 3 1 . 8 3  x 10“ 3
9 4 . 1 1 . 3  x 1 0 “ 3 3 . 9 5  x 1 0 ” 3 1 . 8 6  x IO- 3 1 . 9 3  x I O" 3 2 . 1 0  x IO" 3
9 5 . 3 1 . 4 2  x 1 0 “ 3 3 . 9 8  x 1 0 “ 3 I . 9 8  x 1 0 “ 3
96 . 7 1 . 5 7  x 1 0 “ 5 4 . 2 9  x 1 0 " 3 2 . 0 6  x 10“ 3 2 . 5 6  x 1 0 “ 5 2 . 4 4  x 10“ 5
97 . 8 1 . 8 0  x 1 0 " 5 4 . 1 3  x I O ” 3 2 . 3 4  x I O " 3 2 . 2 6  x IO’ 3 2 . 9 1  x I O " 3
9 9 . 4 1 . 9 5  x I O" 3 4 . 5 8  x 1 0 “ 3 2 . 4 1  x 1 0 “ 3 3 . 1 0  x IO’ 5 3 . 0 2  x IO" 5
101 .7 2 . 27  x i O" 3 5 . 1 4  x I O " 3 3 . 1 3  x I O - 3 4 . 1 5  x 1 0 “ 3 4 . 2 3  x 1 0 “ 3
. .  . c o n t i n u e i i
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T a b l e  9 -  F l u o r e s c e n t  I n t e n s i t y  R a t i o s  I n d u c e d  b y  P o t a s s i u m - P o t a s s i u m
C o l l i s i o n s  ( c o n t i n u e d )
S i d e  Oven 
T e m p e r a t  u r e
<°C>
P o t a s s i u m  o b s
V a p o u r  ' 1
P r e s s u r e  r  / r
( t o r r ) __________ 1 1
O ^ o b s  
1 1 /  12
%
1 , / i j
* 7 2
V h
1 0 3 . 5 2 . 6 0 X i o “ 5 5 . 5 2 X i o " 3 3 . 6 9 X i o " 3 4 . 8 6 X i o " 5 5 . 1 7 X i o ” 5
1 0 5 . 5 3 . 0 0 X 1 0 " 5 6 . 3 0 X 1 0 " 3 4 . 6 3 X I O " 3 6 . 3 2 X 1 0 " 5 6 . 7 5 X 10 “ 5
107 . 3 3 . 4 0 X i o " 5 7 . 63 X i o " 3 6 . 3 8 X i o ” 3 8 . 8 1 X i o " 5 9 . 6 9 X i o " 5
1 0 9 . 3 3 . 8 5 X ! 0 “ 5 9 . 7 1 X 10“ 3 7 . 7 5 X i o ’ 3 1 . 27 X IO" 4 1 . 20 X IO' 4
1 1 1 . 2 4 . 4 0 X 1 0 " 5 1 . 2 2  x 1 0 ” 2 1 . 0 6 X 1 0 " 2 1 . 7 4  x IO" 4 1 . 6 8 X 1 0 " 4
1 1 1 . 5 4 . 5 0 X i o " 5 1 . 41 X 1 0 " 2 1 . 02 X 1 0 " 2 2 . 0 9  x 10" 4 I . 61 X IO" 4
112 . 9 4 . 9 5 X 10“ 5 1 . 5 0 X 1 0 “ 2 1 . 2 9 X 1 0 " 2 2 . 2 6 X 1 0 " 4 2 . 0 7 X 1 0 - 4
1 1 4 . 7 5 . 6 0 X 1 0 " 5 2 . 0 1 X i o " 2 1 . 5 5 X 1 0 " 2 3 . 22 X 10’ 4 2 . 5 0 X i o " 4
1 1 4 . 8 5 . 7 0 X i o " 5 1 . 9 2 X i o " 2 1 . 5 6 X i o ’ 2 3 . 0 5 X 1 0 ” 4 2 . 5 2 X i o " 4
1 1 6 . 7 6 . 4 5 X i o " 5 2 . 3 7 X 10“ 2 1 . 9 4  x 1 0 ’ 2 3 . 8 9 X 1 0 “ 4 3 . 1 6 X 1 0 " 4
1 1 8 . 3 7 . 2 0 X i o - 5 3 . 5 6 X i o " 2 2 . 83 X i o " 2 6 . 1 1 X i o " 4 4 . 6 5 X i o ” 4
1 2 2 . 8 9 . 8 0 X i o " 5 6 . 1 9 X i o ” 2 4 . 8 2 X i o " 2 1 . 1 0 X i o " 3 8 . 0 0 X i o ” 4
1 2 9 . 4 1 . 5  *: 10” 4 1 . 43 X 1 0 “ l 1 . 22 X i o " 1 2 . 6 2 X IO" 3 2 . 05 X I O " 3
1 3 3 . 8 1 . 9 8 X i o “ 4 2 . 6 4 X i o - 1 2 . 0 0 X i o ” 1 4 . 9 4 X i o " 3 3 . 3 6 X i o " 3
1 3 9 . 8 2 . 9 0 X i o ’ 4 5 . 3 7 X i o ~ l 4 . 5 1 X i o “ l 1 . 0 0 X i o “ 2 7 . 5 8 X i o - 3
1 4 5 . 5 4 . 0 0 X i o - 4 1 . 1 4 9 . 1 3 X i o “ l 2 . 1 3 X i o " 2 1 . 53 X i o " 2
1 5 2 . 1 6 . 0 0  x 1 0 " 4 2 . 3  5, 2 . 0 5 4 . 6 0 X 1 0 ~ 2 3 . 5 6 X IO’ 2
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The b e h a v i o u r  o f  t he  ^  v a l u e s  a t  h i g h  p r e s s u r e s  has
19been i n v e s t i g a t e d  by Hoffmann and S e i w e r t  and by Chapman,
22K r a u s e  a n d  Br o c k ma n  ; t h e  r e s u l t s  o f  a l l  t h e s e  e x p e r i m e n t s  
a r e  i n  s u b s t a n t i a l  a g r e e m e n t  w i t h  o n e  a n o t h e r .  I n  t h e  p r e s e n t  
e x p e r i m e n t  i t  was  f o u n d  t h a t   ^ a n d  ^ 2  we r e  *n t *ie t h e o r e t i ­
c a l l y  p r e d i c t e d  r a t i o  < ^ 2  “ ^ ^ 1  ^ a t  P r e s s u r e s  b e l o w  
2 x 10**^ t o r r .  As t h e  v a p o u r  p r e s s u r e  wa s  i n c r e a s e d ,  h o w e v e r ,
t he  r a t i o  i n c r e a s e d  u n t i l  a c r o s s o v e r  of  t he  two
- 5c u r v e s  o c c u r r e d  a t  a b o u t  4 x 1 0  t o r r .  B o t h  V  v a l u e s  t h e n
c o n t i n u e d  t o  r i s e  w i t h  t h e  s q u a r e  o f  t h e  v a p o u r  p r e s s u r e
m a i n t a i n i n g  a  c o n s t a n t  r a t i o  At  a b o u t  2 x 1 0 ” ^
t o r r  t h e  c u r v e s  a g a i n  c r o s s e d ,  and  a p p r o a c h e d  t h e  v a l u e s
m e a s u r e d  p r e v i o u s l y  a t  h i g h e r  v a p o u r  p r e s s u r e s .
T h i s  b e h a v i o u r  has  been o b s e r v e d  i n  c e l l s  bo t h  wi t h
a n d  w i t h o u t  a n  i n t e r n a l  f i l t e r .  The a d d i t i o n  o f  0 t o  25 t o r r
- 3
o f  k r y p t o n  t o  t h e  f l u o r e s c i n g  v a p o u r  ( v a p o u r  p r e s s u r e  6 x 10
t o r r )  d i d  n o t  a p p r e c i a b l y  a l t e r  t h i s  s i t u a t i o n ;  \ was
s l i g h t l y  l a r g e r  t h a n  ^ 2 * Tlie a d d i t i o n  o f  t h e  b u f f e r  g a s
s h o u l d  h a v e  i n h i b i t e d  w a l l  e f f e c t s ,  i f  t h e s e  h a d  b e e n  t h e
c a u s e  o f  t h e  s h i f t  i n  t h e  *^2  ^ **?1 r a t i o .
The o n l y  e s s e n t i a l  d i f f e r e n c e  be t ween  t he  c e l l s  now
22i n  u s e  a n d  t h o s e  u s e d  p r e v i o u s l y  i s  t h a t  t h e  e x c i t i n g  
r a d i a t i o n  p a s s e s  t h r o u g h  a v a p o u r  l a y e r  l e s s  t h a n  on e  m i l l i ­
m e t e r  i n  d e p t h  b e f o r e  r e a c h i n g  t h e  r e g i o n  o f  o b s e r v a t i o n .  
F o r m e r l y ,  t h i s  d e p t h  was  1 0 - 1 5  mm a n d  t h e  e x c i t i n g  l i n e s  
r e a c h i n g  t h e  r e g i o n  o f  o b s e r v a t i o n  i n  t h e  v a p o u r  w e r e  s t r o n g l y  
s e l f - r e v e r s e d .  Mos t  o f  t h e  e x c i t a t i o n  u n d e r  t h e s e  c o n d i t i o n s
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wou l d  be a c c o m p l i s h e d  by t h e  w i n g s  o f  t h e  l i n e ;  when r e e m i s s i o n  
o c c u r r e d ,  r e a b s o r p t i o n  o f  f l u o r e s c e n t  l i g h t  w o u l d  n o t  be a s  
e x t e n s i v e  a s  i t  w o u l d  h a v e  b e e n  f o r  t h e  l i n e  c e n t r e .
In t h e  mor. t  r e c e n t  c e l l s  t h e  i n t e n s i t y  o f  t h e  f l u o r e s ­
c e n t  l i g h t  i s  h i g h e r ,  b u t  t h e  e f f e c t s  o f  r e a b s o r p t i o n  a r e  
more a p p a r e n t .  U n d e r  t h e s e  c o n d i t i o n s ,  w h e r e  t h e  r a t i o  o f  
t he  o s c i l l a t o r  s t r e n g t h s  f o r  t h e  r e l e v a n t  t r a n s i t i o n s  i s  2 . 0  
and t h e  f a c t o r  —  e *s a b o u t  1 . 6 0 ,  t h e  r a t i o  o f  i
i s  p r o b a b l y  g o v e r n e d  by t h e  r e l a t i v e  m a g n i t u d e s  o f  t h e  two 
o s c i l l a t o r  s t r e n g t h s ,  r a t h e r  t h a n  by t h e  c o l l i s i o n  c r o s s  
se c t i o n s .
I t  may be s e e n  f r o m  e q u a t i o n  ( 4 3 )  t h a t  t h e  c r o s s  
s e c t i o n s  c a n  be c a l c u l a t e d  f r om t h e  s l o p e s  o f  t h e  l i n e a r  p o r ­
t i o n s  o f  t h e  o b s e r v e d  ^  c u r v e s ;  a t  t h e  l ow v a p o u r  p r e s s u r e s  
i n v o l v e d ,  ^  Z.  The c r o s s  s e c t i o n s  o b t a i n e d  i n  t h i s  way
a r e  l i s t e d  i n  t a b l e  10 a n d  a r e  c o m p a r e d  w i t h  c r o s s  s e c t i o n s  
f r o m o t h e r  s o u r c e s .  The q u o t e d  e r r o r s  i n c l u d e  t h o s e  o b t a i n e d  
f r o m t h e  l e a s t  s q u a r e s  a n a l y s i s  (23% f o r  \ a n d  3 . 5% f o r  ^  2  ^
and t h e  p r o b a b l e  e r r o r s  i n  t h e  m e a s u r e m e n t  o f  t h e  t r a n s m i s s i o n  
r a t i o s  $ / f t  (6%) .
The r e l a t i v e l y  l a r g e  e r r o r  i n  Q21 i s  due  t o  c ^ e £ a c t  
t h a t  t h e  l i n e a r  s e c t i o n  o f  t h e  c u r v e  d o e s  n o t  e x t e n d
t o  a s  h i g h  a  v a p o u r  p r e s s u r e  a s  i t  d o e s  f o r  ■ f t -  Conse  q ue n  1 1 y , 
t h e r e  a r e  f e w e r  e x p e r i m e n t a l  p o i n t s  w h i c h  c a n  be i n c l u d e d  i n  
t h e  a n a l y s i s .  S i n c e  t h e  s l o p e  o f  t h e  c u r v e  i s  n o t  a s
s t e e p  a s  t h a t  f o r  ^ 2 * t h e  e x Pe r i n c a  1 s c a t t e r  o f  p o i n t s  
c o n t r i b u t e s  more  n o t i c e a b l y  t o  t h e  e x p e r i m e n t a l  e r r o r . .  The 
c a l c u l a t e d  v a l u e  o f  £ s hown  i n  t a b l e  8 i n d i c a t e s  t h a t  t h e
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TABLE 10
The I n e l a s t i c  C r o s s  S e c t i o n s  Ql 2  a n d  Q21
f o r  P o t a s s i u m - P o t a s s i u m  C o l l i s i o n s
Ql 2  ( 2 2 ) Q2 i  (X2 ) Q12/ Q21 Q12/ Q21
S o u r c e 2 2 
P 1 / 2  P 3 / 2
2 2 
P 1 /  2 P 3 /  2 E x p e r i m e n t a l The o r e  t i  c a l
T h i s  i n v e s t i g a t i o n 370  t  37 250  ± 75 1 . 4 8  + 0 . 5 9 1 . 60
Chapman,  K r a u s e  
& B r o c k ma n 6 . 0  x 1 0 4 6 . 6  x 1 0 4 1 .0 1 . 60
T h a n g a r a j 18 330 165 2 . 0 1 . 70
H o f f ma n n  & S e i w e r t ^ 120 60 2 .0
v a l u e s  o f  ^ ^ we r e  o b t a i n e d c l o s e  t o  t h e  l i m i t  i m p o s e d by t h e
f i l t e r  t r a n s m i s s i o n s .  I t  i s ,  h o we v e r ,  a p p a r e n t  f rom the
a g r e e me n t  be t ween  t he  e x p e r i m e n t a l  and t h e o r e t i c a l  v a l u e s  of
t h e  r a t i o  o f  Q^2 ^ 2 1  c ^ a t  t h e  e x p e r i m e n t a l  v a l u e  o f  Q21 i s
c l o s e r  t o  t h e  t r u e  v a l u e  t h a n  t h e  e r r o r  o f  307. m i g h t  s u g g e s t .
T h e r e  i s  a d i f f e r e n c e  o f  a b o u t  two o r d e r s  o f  m a g n i t u d e
b e t w e e n  t h e  c r o s s  s e c t i o n s  o b t a i n e d  i n  t h e  p r e s e n t  i n v e s t i g a -
22t i o n  a n d  t h o s e  g i v e n  by Cha pma n ,  K r a u s e  a n d  Br oc kma n  . i n  
t h e  e a r l i e r  e x p e r i m e n t ,  i t  was  t h o u g h t  t h a t  r a d i a t i o n  d i f f u -  
s i o n  w o u l d  n o t  p e r s i s t  b e l o w  t h e  v a p o u r  p r e s s u r e  o f  3 x 10 
t o r r  a n d  t h e  c r o s s  s e c t i o n s  we r e  m e a s u r e d  b e t w e e n  1 x IO- 4  a n d  
3 *  1 0 ' ^  t o r r .  I t  i s  now w e l l  known t h a t  d i f f u s i o n  o f  r a d i a t i o n
i s  w e l l  e s t a b l i s h e d  a t  t h e s e  p r e s s u r e s  n o t  o n l y  i n  p o t a s s i u m
27 25but  a l s o  i n  r u b i d i u m  and ces i um v a p o u r s .  I t  ha s  a l s o
b e e n  f o u n d  t h a t  b e t w e e n  t h e  v a p o u r  p r e s s u r e s  o f  2 x l O ” ^ a n d  
- 3  M1 x 10 t o r r  t h e  y  v a l u e s  i n c r e a s e  w i t h  t h e  s q u a r e  o f  t h e
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27p o t a s s i u m  va p o u r  p r e s s u r e ,  a s  was t he  c a s e  wi t h  r u b i d i u m
Thi s  s t r o n g  p r e s s u r e  depe nde nc e  l e a d s  t o  v e r y  l a r g e  e r r o r s
in c r o s s  s e c t i o n s  me a s ur e d  in  t h i s  p r e s s u r e  r a n g e .
The a g r e e me n t  be t ween  t he  r e s u l t s  of  t he  p r e s e n t
1 8i n v e s t i g a t i o n  and t h o s e  o f  T h a n g a r a j  i s  r e m a r k a b l y  good.
I f  t h e  e r r o r s  i n h e r e n t  i n  T h a n g a r a j ' s  e x p e r i m e n t  a r e  c o n s i d e r e d ,  
the  two s e t s  of  c r o s s  s e c t i o n s  a r e  v i r t u a l l y  i d e n t i c a l .  Than* 
g a r a j  used  p h o t o g r a p h i c  \ c h n i q u e s  t o  s t u d y  s e n s i t i z e d  f l u o r e s -  
cence un d e r  s u r f a c e  f l u o r e s c e n c e  c o n d i t i o n s  i n  p o t a s s i u m  v a p o u r ,  
c o r r e c t i n g  f o r  r a d i a t i o n  d i f f u s i o n  by u s i n g  M i l n e ' s 1® t h e o r y .
The f a c t  t h a t  two e n t i r e l y  d i f f e r e n t  e x p e r i m e n t a l  t e c h n i q u e s  
p r o d u ce d  n e a r l y  t h e  same c r o s s  s e c t i o n s  i s  h i g h l y  s i g n i f i c a n t .  
The good c o r r e s p o n d e n c e  which has  a l s o  been o b t a i n e d  bet ween
the  c r o s s  s e c t i o n s  f o r  r u b i d i u m - r u b i d i u m  c o l l i s i o n s  d e t e r m i n e d
18 27by T h a n g a r a j  and by Rae and Kr a us e  i n d i c a t e s  t h a t  the
r ^ r e e m e n t  i n  t he  c a s e  o f  p o t a s s i u m  i s  n o t  c o i n c i d e n t a l .
1 9The v a l u e s  o b t a i n e d  by Hoffmann and S e i w e r t  a r e  l ower  
t han t h o s e  r e p o r t e d  h e r e  by a f a c t o r  of  t h r e e .  These a u t h o r s  
c o r r e c t e d  f o r  i mp r i s o n me n t  o f  r a d i a t i o n  u s i n g  an a d a p t a t i o n  of  
H o l s t e i n ' s 11 t h e o r y .  The g e n e r a l l y  b e t t e r  a g r e e me n t  of  Than­
g a r a j ' s  v a l u e s  w i t h  t h o s e  o b t a i n e d  h e r e ,  under  s i n g l e  c o l l i s i o n  
c o n d i t i o n s ,  s u g g e s t s  t h a t  M i l n e ' s  t h e o r y  might  be more s u i t a b l e  
f o r  t h e  c o r r e c t i o n  o f  d a t a  o b t a i n e d  f rom s e n s i t i z e d  f l u o r e s ­
cence e x p e r i m e n t s ,  t h a n  had been t h o u g h t  p r e v i o u s l y .
V.  CONCLUSIONS
( I )  T r a n s f e r  o f  E x c i t a t i o n  i n  P o t a s s i u m - I n e r t  Ga s  C o l l i s i o n s
The c r o s s  s e c t i o n s  f o r  i n e l a s t i c  c o l l i s i o n s  b e t w e e n  
p o t a s s i u m  a n d  i n e r t  g a s  a t o m s ,  w h i c h  l e a d  t o  t h e  m i x i n g
b e t w e e n  t h e  4 ^ P a n d  ^ 2 p 3 / 2  s t a t e a  l n  p o t a s s i u m ,  wer e  d e t e r ­
m i n e d  f o r  t h e  f i r s t  t i m e  a t  v e r y  l o w p o t a s s i u m  a n d  i n e r t  g a s
p r e s s u r e s  a n d  u n d e r  s i n g l e  c o l l i s i o n  c o n d i t i o n s .  Un d e r  t h e s e
c i r c u m s t a n c e s  a n d  i n  t h e  a b s e n c e  o f  r a d i a t i o n  t r a p p i n g ,  t h e  
c r o s s  s e c t i o n s  s h o u l d  n o t  be a f f e c t e d  by c h a n g e s  i n  t h e  v e l o ­
c i t y  d i s t r i b u t i o n  f u n c t i o n ,  q u e n c h i n g  o f  r e s o n a n c e  r a d i a t i o n
o r  c h a n g e s  i n  t h e  l i f e  t i m e s  o f  t h e  r e s o n a n c e  s t a t e s .  I t
2 2a p p e a r s  t h a t  t h e  c r o s s  s e c t i o n s  Ql2 ( —* P 3 / 2 *  and
2 2
^21  ^ P l / 2  <— p 3 / 2 '  a r e  4n t h e  r a t i o  p r e d i c t e d  by t h e  p r i n c i p l e  
o f  d e t a i l e d  b a l a n c i n g  w i t h  t h e  e x c e p t i o n  o f  t h e  K-Xe c r o s s  
s e c t i o n s  w h e r e  t h e  r a t i o  i s  s l i g h t l y  l ow,  p r o b a b l y  b e c a u s e  
o f  t h e  f o r m a t i o n  o f  K-Xe v a n  d e r  Wa a l s  m o l e c u l e s .  A s i m i l a r  
b u t  much mor e  p r o n o u n c e d  e f f e c t  was  o b s e r v e d  w i t h  c e s i u m -
0 (% ^ Q
i n e r t  g a s  a n d  r u b i d i u m - i n e r t  g a s  c o l l i s i o n s .
Mo s t  t h e o r i e s  p o s t u l a t e d  f o r  t h e s e  i n t e r a c t i o n s  
a s s u m e d  t h a t  t h e  e n e r g y  d e f e c t  b e t w e e n  t h e  l e v e l s  i n v o l v e d  
i s  s m a l l  a n d  t h a t  t h e  i n t e r a c t i o n  i s  n o n - a d i a b a t i c . I t  h a s
3
b e e n  p o i n t e d  o u t  by N i k i t i n  t h a t  t h e  p o t a s s i u m - i n e r t  g a s
c o l l i s i o n s  o c c u r  a d i a b a t i c a l l y .  I f  one  c o n s i d e r s  t h e  Ma s s e y
p a r a m e t e r * * ,  I< , a s  a c r i t e r i o n  f o r  t h e  a d l a b a t i c l t y  o f
hVr
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a c o l l i s i o n ,  Che c o l l i s i o n  i s  a s s u m e d  a d i a b a t i c  i f  t h e  p a r a ­
m e t e r  i s  much g r e a t e r  t h a n  u n i t y ,  a  i s  o f  t h e  o r d e r  o f  t h e
g a s - k i n e t i c  r a d i u s  f o r  t h e  p a r t i c u l a r  c o l l i s i o n ;  i t s  v a l u e s
52
w e r e  r e c a l c u l a t e d  f r o m  R o t h e  a n d  B e r n s t e i n ' s  c r o s s  s e c t i o n s  
f o r  e l a s t i c  c o l l i s i o n s  b e t w e e n  p o t a s s i u m  a t o m s  a n d  i n e r t  g a s  
a t o m s .  The r e s u l t i n g  M a s s e y  p a r a m e t e r s  v a r i e d  f r o m  1 . 2 3  f o r  
c o l l i s i o n s  w i t h  h e l i u m  t o  6 . 1 9  f o r  x e n o n ,  t h u s  i n d i c a t i n g  
t h a t  t h e  p o t a s s i u m - i n e r t  g a s  c o l l i s i o n s  a r e  j u s t  a d i a b a t i c  
a n d  t h a t  t h e  d e g r e e  o f  a d i a b a t i c i t y  v a r i e s  o v e r  t h e  r a n g e  o f  
i n e r t  g a s e s .  I t  i s  n o t  v e r y  l i k e l y  t h a t  a n y  t h e o r y  w h i c h  
a s s u m e s  s t r i c t  a d i a b a t i c  o r  n o n - a d i a b a t i c  c o n d i t i o n s  w i l l  f i t  
t h e  c a s e  o f  p o t a s s i u m - i n e r t  g a s  c o l l i s i o n s .
I t  i s  a l s o  e x p e c t e d  f rom t he  v a r i o u s  t h e o r i e s  whi ch  
a r e  ba s e d  on mode l s  i n v o l v i n g  van  d e r  Waal s  o r  ' QID'  i n t e r ­
a c t i o n s ,  t h a t  t he  c o l l i s i o n  c r o s s  s e c t i o n s  s h o u l d  i n c r e a s e  
m o n o t o n i c a l l y  w i t h  t he  p o l a r i z a b i 1i t i e s  of  t he  i n e r t  g a s e s .
The f a i l u r e  of  t h i s  p r e d i c t i o n  i n  t he  c a s e  o f  p o t a s s i u m  a s
28  26w e l l  a s  r u b i d i u m  a n d  c e s i u m  may be e x p l a i n e d  on  t h e  b a s i s  
3 6of  J e f i m e n k o ' s  s e m i - c l a s s i c a l  model  i n v o l v i n g  o v e r l a p  f o r c e s  
whi ch  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t he  t o t a l  i n t e r a c t i o n  e n e r g y  
of  t he  c o l l i d i n g  s y s t e m s .
The n o n - l i n e a r i t y  o f  t h e  c o l l i s i o n  n u m b e r s  w i t h  i n e r t  
g a s  p r e s s u r e  a n d  t h e  u n e x p e c t e d  l ow s a t u r a t i o n  v a l u e s  o f  t h e  
c o l l i s i o n  n u m b e r s  h a v e  b e e n  i n t e r p r e t e d  a s  a r i s i n g  f r o m p o s ­
s i b l e  c h a n g e s  i n  t h e  c o l l i s i o n  m e c h a n i s m  a n d  f r o m  c o l l i s i o n -  
s t i m u l a t e d  e m i s s i o n .  The p r e s e n t  e x p e r i m e n t s  w e r e  n o t  d e s i g n e d  
f o r  t h e  e x p l i c i t  s t u d y  o f  s u c h  e f f e c t s  b u t  f u r t h e r  i n v e s t i g a ­
t i o n s  o f  q u e n c h i n g  a n d  c o l l i s i o n - s t i m u l a t e d  e m i s s i o n  i n
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a l k a l i  m e t a l - i n e r t  g a s  m i x t u r e s  a r e  now b e i n g  c a r r i e d  o u t  i n  
t h i s  l a b o r a t o r y .
( i i )  T r a n s f e r  o f  E x c i t a t i o n  i n  P o t a s s i u m - P o t a s s i u r n  C o l l i s i o n s
2 2The c r o s s  s e c t i o n s  Qj 2 (4 P f / 2 — p 3/ 2^ arl<*
Q 2 i ( 4 2 P i / 2  4 2P 3 / 2 )  ^o r  p o t a s s i u m - p o t a s s i u r n  c o l l i s i o n s  we r e
d e t e r m i n e d  a t  much l o w e r  v a p o u r  p r e s s u r e s  t h a n  c o u l d  be 
r e a c h e d  p r e v i o u s l y .  The v a l u e s  s u p e r s e d e  t h o s e  r e p o r t e d  
e a r l i e r 22 w h i c h ,  a p p a r e n t l y ,  we r e  s u b j e c t  t o  c o n s i d e r a b l e  
i n f l u e n c e  f r o m  r a d i a t i o n  t r a p p i n g  e f f e c t s .  A l t h o u g h  one  o f  
t h e s e  c r o s s  s e c t i o n s  i n v o l v e s  a l a r g e r  e x p e r i m e n t a l  e r r o r  
t h a n  t h o s e  f o r  p o t a s s i u m - i n e r t  g a s  c o l l i s i o n s ,  t h e i r  r a t i o  
a g r e e s  q u i t e  w e l l  w i t h  t h a t  p r e d i c t e d  by t h e  p r i n c i p l e  o f  
d e t a i l e d  b a l a n c i n g .
S e i w e r t ^ 2 has  shown t h a t  t he  e x p e r i m e n t a l l y  measured  
i n e l a s t i c  c r o s s  s e c t i o n s  f o r  c o l l i s i o n s  in pur e  a l k a l i  m e t a l s  
a r e  much l a r g e r  t h a n  t h o s e  c a l c u l a t e d  f rom S t ue ckt-1 be r g ' s
2 7t h e o r y .  The m e a s u r e d  c r o s s  s e c t i o n s  f o r  p o t a s s i u m ,  r u b i d i u m
2 5and  c e s i u m  a r e  a l s o  l a r g e r  t h a n  t h o s e  p r e d i c t e d  by K a l l m a n n
3 1and L o n d o n  . T h e s e  r e s u l t s  a r e  n o t  s u r p r i s i n g  s i n c e  b o t h  o f  
t h e s e  t h e o r i e s  make  no p r o v i s i o n  f o r  e x c h a n g e  f o r c e s  b e t w e e n
c o l l i d i n g  a t o m s  o f  t h e  same s p e c i e s .
2 2The c r o s s  s e c t i o n  Q21 ( P ^ ^ * —  p 3/2^ may bc u s e d »
2 7t o g e t h e r  w i t h  t he  c o r r e s p o n d i n g  c r o s s  s e c t i o n s  f o r  r u b i d i u m 
25and ces i um , t o t e s t  t he  d e p e nde nc e  o f  the c r o s s  s e c t i o n s  on 
the e n e r g y  d e f e c t ,  / I E .  F i g u r e  23 i s  a p l o t  o f  Q2l  a g a i n s t  
(AE)“ * f o r  t h e s e  t h r e e  a t o m s .  The c r o s s  s e c t i o n s  a p p e a r  t o
UNIVERSITY OF WIHDSOft U BPIR Y
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v a r y  a s  ( A E )  1 i n  a c c o r d a n c e  w i t h  F r a n c k ' s ^  r u l e ;  b o t h  K a i l -
3 X 3 Amann a n d  L o n d o n  a n d  S t u e c k e l b e r g  p o s t u l a t e d  a v a r i a t i o n
w i t h  ( A E f 2 / 3 .
I f  t h e  ( A E ) ” * d e p e n d e n c e  i n c l u d e d  t h e  i n t e r a c t i o n
b e t w e e n  s o d i u m  a t o m s ,  f i g u r e  23 w o u l d  s u g g e s t  a n  u p p e r  l i m i t
o f  8 00  £  f o r  t h e  s o d i u m - s o d i u m  c r o s s  s e c t i o n ,  Q2 1 • A s t u d y
o f  t h e s e  c r o s s  s e c t i o n s  i s  now i n  p r o g r e s s  i n  t h i s  l a b o r a t o r y .
95
Rb NolO O O r
• <
,fO
Slope 0.91
100
(eV)
100 1 0 0 0
F i g .  2 3 .  The R e l a t i o n  B e t w e e n  t h e  C r o s s  S e c t i o n s
2 2 
Q2 i  ( n  P i / 2 * " " n **3/ 2  ^ a n d  t h e  E n e r g y
D e f e c t ,  / } E
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Light Sources for the Excitation of Atomic Resonance Fluorescence in
Potassium and Rubidium*
R. J . A t k i n s o n , f  G . D . C h a p m a n ,} : a n d  L. K r a c s k  
Department of Physics, University o f W indsor, Canada 
(Received 22 A pril 1965)
A descrip tion  is given of radio frequency light sources w hich produce potassium  and rubidium  resonance 
radiation  of high in ten sity . T he p roperties of th e  spectral lam ps have b ' .’n system atically  investigated  in re­
lation to  th e ir  opera ting  param eters. The rf lam ps em it resonance lines of m uch higher peak in tensities, 
sm aller halfw id ths and  sm aller degrees of self-reversal th an  do com m ercially available lam ps. T yp ical half­
w idths of th e  resonance lines of potassium  and  rubidium  produced by the  rf sources were found to  he 0.15 
cm-1 and  0.37 cm*1, respectively , com pared w ith  th e  corresponding w idths of 0 ,34 cm 1 and 1.5 cm -1 , respec­
tively, em itted  by O sram  spectral lam ps operated  a t low cu rren ts .
1. INTRODUCTION
TH E  investigation of excitation transfer in atomic collisions by methods involving sensitized fluores- 
ence requires appropriate sources of resonance radia­
tion. An ideal source should emit resonance lines of high 
intensity, small halfwidth and no self-reversal. These 
criteria are particularly im portant when the fluorescence 
experiments must be performed a t low alkali-vapor pres­
sures, a t  which there is no trapping of resonance radia­
tion and  where the atomic absorption lines are quite 
sharp for lack of pressure broadening.
Although some lamps produce resonance lines of high 
integrated intensities, the intensities at the line centers 
may be weakened because of pressure broadening or 
self-reversal. While Doppler broadening is not usually 
a serious problem, broadening by collisions with like 
atoms or with atoms of other gases is responsible for 
most of the observed linevvidths. In discharges where 
ions are present in large concentrations, Stark effect 
further increases the widths of the emitted lines. Self­
reversal is caused by the absorption of the centers of 
the spect~al lines em itted by the vapor lamp, if the 
light has to pass through a cooler layer of unexcited 
atoms before emerging to the outside.
In one common type of lamp used for the production 
of atomic spectra, an ionic discharge is passed between 
two electrodes. Osram lamps utilize an ac discharge, 
contained in a vacuum envelope to reduce conduction 
of heat and thus self-reversal. Houtermans1 designed 
a lamp with a flattened discharge section, the purpose of 
which was to further reduce self-reversal. This lamp was 
recently tried by Ermisch and Seiwert2 but without 
success because of thermal strains in the alkali-resistant 
glass. Hoffmann and Seiwert3 also investigated the 
Cario-Lochte -Holtgreven4 lamp and the Druyvesteyn3
* S uppo rted  by the  U . S. Air f  orce Office of Scientific Research 
under G ra n t AFOSR 361-63. 
t  H o ld e r of N .R .C . B u rsa ry  1963-64. 
t  H o ld e r  of X .R .C . S tuden tsh ip  1963-65.
l F . G . H outerm ans, Z. Physik  76, 474 (1932).
2 VV. E rm isch  and R . Seiwert, A nn. Physik 2, 393 (19591.
s K . H offm ann and R . Seiwert, E xp . Tech. Physik  8,161 (1960).
4 G. C a rio  and \V. L och te-H oltgreven, Z. P hysik  42, 22 (1927).
6M . J .  D ruyvesteyn , Phvsica 2, 255 (1935).
lamp, both of which exhibited special features whose 
purpose was to decrease the browning of the glass by 
the corrosive action of the alkali m etal and to  reduce 
the amount of self-reversal. Whde these attem pts met, 
on the whole, with reasonable success, the resulting 
alkali resonance lines were of rather low intensity.
Jackson used electrodeless discharges to  study hfs in 
cesium6 and in rubidium.7 With the advent of optical 
pumping techniques a new demand arose for high in­
tensity sources of unreversed alkali resonance lines. Bell, 
Bloom, and Lynch8 developed the Varian rf lamp and 
Gerard8 suggested a design of a lamp which lent itself 
to further modification and which formed the basis for 
the development of the lamp used in this investigation. 
Rf lamps, in which the power input and temperature 
can be accurately controlled, are now being used in this 
laboratory for the excitation of sensitized fluorescence 
in the vapors of potassium,1" cesium,11 and rubidium1-’ 
at vapor pressures below 1(1 4 Torr, at which commer­
cially available light sources cannot be used because of 
inadequate intensities at the centers of the resonance 
lines. The following is a description of the lamp in its 
various forms as it is now being used in this laboratory 
and a report on its evaluation as to intensities, half­
widths and self-reversal of the em itted resonance lines. 
Where possible a comparison has been made with the 
performance of the commercially available lamps manu ­
factured by the Osram and Varian companies.
2. DESCRIPTION OF THE LIGHT SOURCES
The resonance radiation was produced in a radio fre­
quency electrodeless discharge contained in a cylindrical 
glass tube. The tube was mounted in a coil which formed 
part of a tank circuit in an rf power oscillator. The base 
of the tube, which acted as a reservoir for the alkali
* D . A. Jackson, Proc. Roy. Soc. (London) A121, 432 (1928).
7 D . A. Jackson, Proc. R oy. Soc. (London) A139, 673 (1933).
s \V. E. Bell, A . L . Bloom , and J .  Lvnch, Rev. Sci. In s tr . 32, 
688 (1961).
» V. B . G erard, J . Sci. In s tr . 39, 217 (1962).
1(1 G. D . C hapm an, L. K rause, and I. H . B rockm an, C an. J . 
Pbvs. 42, 535 (1964).
11 M . Czajkowski and L, K rause, C an. J . Phys. 43, 1259 (1965).
12 A. G. A. R ae and  L. K rause, C an. J . Phys. (to be pub lished).
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metal, rested in a heater used to  control the vapor 
pressure.
The rf discharge was maintained in a Pyrex cylinder 
6 cm long and about 2 cm in diameter, which contained 
about 0.5 g of the alkali metal. Potassium and rubidium 
metals, which had been obtained from the A. D. McKay 
Company of Xew York, were purified by a multi-stage 
vacuum distillation, of which the lamp bulbs formed the 
final stage. I t  was found that the discharge was most 
stable in the presence of argon at a Pressure of 2 torr. 
The character of the emitted resonance lines depended 
radically on the operating temperature of the lamp. The 
heater, which was designed to regulate the temperature 
and the vapor pressure of the alkali metal, consisted 
of a small coil wrapped around the base of the discharge 
tube and inserted in an asbestos block. The coil was 
made of Xo. 26 Chromel A heating wire, and had a re­
sistance of about 3 £2. The heater current was regulated 
by a transistorized controller employing a thermistor 
as a sensing element. The temperature of the lamp, 
which was measured by means of an Alumel Chromel 
thermocouple placed in contact with the glass reservoir, 
could be varied from 70° to 200°C. A minimal lamp base 
temperature of just less than 7()°C was obtained with 
the heater turned oil and was produced by the dielectric 
heating effect which raised the temperature of the glass 
envelope within the rf coil to well over 200°C. While in 
most applications the discharge section and its coil were 
mounted vertically, a horizontal lamp had to  be pro­
duced for use in a strong magnetic field.13 The horizontal 
discharge tube was provided with two heaters, one at 
each end, of which one had a greater heating capacity. 
Normally, after several hours of operation a strong 
browning would appear on the J’yrex envelope. The 
formation of t u s  deposit, arising from the corrosive 
action of the hot alkali vapor, could be inhibited by 
washing the bulbs thoroughlv with 1 0 ^  solution of 
H F ."
The diagram of the lamp oscillator circuit is shown 
in Fig. 1. The oscillator was of a push-pull type and 
was operated in class C. Its frequency was determined
I >uH 0 .5  A
0.1 mF
6 CU6 6CU6
4 7 K 47KIW IW
70 mA2 m F 
G E 4 6  ( o )
F m . 1. T h e  rf oscillator circuit.
13 R, Seiwert (p riva te  com m unication).
14 A. G. A. R ae  (p riv a te  com m unication).
by the resonant frequency of the plate tank  circuit, 
which consisted of a 15-turn coil, and by the associated 
stray capacitance. A typical coil inductance of 20-30 
juH and a capacitance of about 1 gF would be appro­
priate to operation a t 40 Me, sec. Ordinarily the plate 
v’oltage was 325 V and the plate current was in the range 
100-150 mA per tube. The screen-grid currents were 
about 25 mA and could be varied by means of a 10-K 
potentiometer to control the power dissipated in the 
plate circuit. They were equalized by means of the 
100-S2 potentiometer and were held constant by the 
(IE  46 tungsten lamps which have positive temperature 
coefficients of resistance. The 2-juF capacitors on the 
screen grids were essential for reliable operation; they 
maintained the grids a t rf ground, limiting the currents 
to  very low values and inhibiting spurious oscillations 
of frequencies other than that of the push-pull circuit. 
Such spurious, electron-coupled oscillations produced 
discharge patterns in the lamp which did not residt in 
emission of resonance radiation or in dielectric heating 
of the Pyrex envelope.14 Six such nonproductive modes 
were observed, all of which were characterized by very 
high grid currents. The circuit was connected to the 
high-voltage power supply through an inductive input 
L-section filter which had two advantages over the 
capacitive input 7r-section filter suggested by Gerard.9 
I t  allowed the center of the coil to  float above rf ground 
and tended to eliminate a cold spot which otherwise 
occurred in the corresponding region of the discharge 
tube. Connecting a capacitor to  the center of the coil, 
as had been suggested by Gerard, also altered the reso­
nant frequency of the tank circuit and made the circuit 
unstable over long periods of operation. With the circuit 
elements shown in Fig. 1, the lamp operated at about 
40 Me sec. The oscillator produced a clean, sinusoidal 
wave form over all values of current with no complica­
tions due to spurious oscillations. As a result, a skin 
discharge was established in the lamp, resulting in a 
very strong emission of the alkali resonance doublet.
3. EXPERIMENTAL PROCEDURE
The experimental investigation of the resonance lines 
emitted by the rf lamps involved the determination of 
integrated intensities, peak intensities at the line cen­
ters, and line shapes, as functions of the operating tem ­
peratures of the lamps. Whenever feasible, an  equivalent 
series of experiments was carried out with the Osram 
and Varian spectral lamps. The apparatus used to study 
the spectral line shapes consisted of the appropriate 
light source, a monochromator, a I'abry-Perot inter­
ferometer, and a camera. For purposes of determining 
the relative intensities of the spectral lines, a photo­
multiplier tube assembly replaced the interferometer 
following the exit slit of the monochromator.
The monochromator was a Bausch & Lomb grating 
instrument employing a 1200 line mm replica grating 
blazed a t 750u A in the first order. Its reciprocal dis­
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persion was 16 A /m m  and, with a slitwidth of 1.75 mm, 
the potassium resonance doublet was resolved with a 
spectral purity of a t least 1 part in 2000. The Hilger and 
W atts model N200 Fabrv-Perot interferometer utilized 
aluminized mirrors 2.5 cm in diam eter; a D72 spectrom­
eter camera was m atched to the interferometer and was 
used to photograph the fringes.
The relative intensities of the spectral lines were 
measured with a Dum ont 6911 11-stage photomultiplier 
tube which has an S-l photocathode with a peak sensi­
tivity in the region 7000-9000 A. The photomultiplier, 
mounted in a light-tight jacket, was placed against the 
exit slit of the monochromator. The output of the tube 
was recorded with a Leeds and X orthrup micro-micro- 
ampere strip-chart recorder which continuously moni­
tored variations in lamp intensity. The intensity of the 
rf lamp was determined as a function of the temperature 
at the base of the lamp. In  the case of the Osram lamp 
the intensity was determined as a function of the lamp 
current but no changes in operating conditions of the 
Varian lamp were possible.
The intensity of a Fabry-Perot fringe at its peak is 
proportional to the peak intensity of the spectral line 
producing it whereas, with wide monochromator slits, 
the signal recorded with a photomultiplier tube is pro­
portional to the integrated intensity of the spectral line. 
Using the interferometer at a theoretical resolving power 
of 5X 105, we were able to determine the halfwidths of 
the spectral lines for a variety of operating conditions.
The interferometer was adjusted for parallelism of the 
light beam and of the mirrors, and was covered to ex­
clude stray light. The fringes were photographed using 
Kodak Type IX  Spectroscopic Plates which have a 
peak sensitivity in the range 7700 8400 A. Exposures 
were of five-second duration; compensation for varying 
source intensities was made by adjusting the variable 
apertures. The resulting fringes were of roughly equal 
peak intensities throughout the range of light sources 
and operating conditions. The photographic emulsion 
was calibrated separately for each spectral line by taking 
five-second exposures of the parallel monochromatic 
beam passing through a serie= of apertures of known 
areas.
Traces of the interference fringes were obtained by 
scanning the plates with a Jarreil- Ash Model 2510 re­
cording microphotometer which was also used to obtain 
the calibration curves for the photographic emulsion. 
In this way it  was possible to obtain the intensity pro­
files of the Fabry-Perot fringes and he .te of the spectral 
lines. The half-intensity points were determined for all 
the fringes and, in  the case of self-rtversed lines, the 
ratios of the intensities a t the peaks to those at the 
central minima (degrees of self-reversal) were also 
found. The halfwidths of the resonance lines were ob­
tained by measuring the diameters of up to five Fabry - 
Perot fringes in each exposure and substituting their
squares in a rectangular array.15 This procedure, carried 
out for each spectral line over a range of operating con­
ditions of the sources, required the scanning and meas­
urement of about 250 interferograms.
4. DISCUSSION OF THE RESULTS
(a) Potassium Lamps
The integrated intensities of the resonance lines 
emitted by the rf lamp and by the Osram lamp are 
plotted in Fig. 2 which, in the case of the Osram lamp, 
shows the variation of intensity with operating current 
and, in the case of the rf lamp, with temperature. The 
slight minimum in the emission from the Osram lamp 
may be attributed to the rapid rise in self-absorption 
with vapor pressure. The rf lamp, which produces reso­
nance radiation of greater intensity, exhibits a maximum 
in the total intensity of emission at 180°C which cor­
responds to  a vapor pressure of 2.6X 10 3 torr. The 
intensities of the two components (7665 A, 7699 A) are 
not in the ratio of the statistical weights of the excited 
states, 2P§:2I>}=4:2. This indicates the presence of self­
absorption, as the absorption coefficient of the 7665-A 
component is twice as large as that of the 7699-A 
component.
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F ig . 2. In teg ra ted  relative intensities of th e  potassium  resonance 
lines em itted  by th e  rf and O sram  lamps. X , rf lam p; o ,  Osram 
la m p ;  , 7665 A line; -  , 7699-A line.
16 S. T o lansky , J . Sci. Instr. 8, 223 (1931;.
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Fig . 3. T h e  halfw id ths Ai>, an d  separa tions of self-reversal peaks 
hv,  of the po tassium  resonance lines em itted  b y  th e  rf and Osram  
lam p s; (a), th e  7665-A com ponent; (b ), th e  7699-A com ponent. 
X ,  rf lam p; O, O sram  la m p ;  , A f ;  , 5f.
The average values of the halfwidths of the resonance 
lines, the separations between their self-reversal maxima 
and  the degrees of self-reversal were obtained from the 
Fabry-Perot fringes, of which three exposures were 
made for each lamp, spectral line, and operating condi­
tion. The halfwidths and separations between the self­
reversal maxima are plotted in Fig. 3 ;ts functions of the 
operating parameters of the lamps. I t  may be seen tha t 
the  halfwidths of the resonance lines emitted by the rf 
lamp are much smaller and increase nearly linearly with
OSRAM  LAM P CURRENT
110 130 ISO 170
RF LA M P  TEMPERATURE
210
P ig .  4 . T h e  degrees of self-reversal in th e  potassium  resonance 
lines: (a), em ission from  the  O sram  lam p; (b ), emission from the  
rf  lam p. — , 7665-A l in e ;  , 7669-A line.
temperature over the whole temperature range 70°- 
210°C. The ratios / lnux//(po) of the intensities a t the 
self-reversal peaks to  those a t the centers of the lines, 
are plotted in Fig. 4 against the operating parameters 
of the Osram and rf lamps. Self-reversal does not appear 
in Osram lamps a t operating currents below 1 A or, in 
rf lamps, a t operating temperatures below 120°C. The 
effect occurs in the Osram lamp because in it the dis­
charge is concentrated near the axis of the discharge 
tube. In  the rf discharge, on the other hand, the skin 
effect tends to restrict the excitation to a thin layer near 
the walls of the tube. There is still some self-absorption, 
though, of the radiation coming from the rear wall of the 
discharge lube and passing through the central column 
of unexcited vapor.
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Fig . 5. In teg ra ted  relative in tensities of the  rubidium  resonance 
lines em itted  by  the  rf, O sram  and  V arian lam ps. T h e  levels for 
the  V arian source are co n stan t and m ay not lie varied w ith  o p e ra t­
ing conditions. X , rf lam p; o, O sram  l a m p ;  , 7800-A line;
 - , 7948-A line.
I t was also possible to determine the approximate 
ratios of the peak intensities of corresponding resonance 
lines produced by the two lamps under normal operat­
ing conditions. These ratios are the reciprocals of the 
ratios of the amounts of light allowed to enter the 
camera when photographing the interference fringes. 
This method yielded a value of 3.6 for the ratio of the 
peak intensity of a line emitted by the rf lamp to that 
emitted by the Osram lam p; the ratio of the integrated 
intensities is approximately 1.6. Assuming, for the sake 
of implicity, rectangular shapes, the above values lead 
tosa ratio of 0.44 for the linewidths (rf : Osram). With 
the rf lamp operated a t 13()°C and the Osram lamp at 
1 A, the direct determination gave an average ratio of 
0.48.
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(b) Rubidium Lamps
The integrated intensities of the resonance lines 
emitted by  the rf, Osram, and Varian lamps are plotted 
in Fig. 5 against their appropriate operating parameters 
which, in  the case of the Varian lamp, are fixed. The 
intensity of the emission from the rf lamp is several 
times greater than from the Osram lamp. The combined 
intensity of the two resonance lines shows a maximum 
a t a temperature of 130°, corresponding to a vapor pres­
sure of 1.2 X K )3 torr, which is of the same order of
c)
T ig . 6 . T h e  hyperfm e s tru c tu re  of th e  7948-A rubidium  reso­
nance line showing th e  hfs sp litting  of th e  ground s ta te  which 
equals0.1011 cm 1 in ssR h  an d  0.2278 cm  1 in 87R1>. (a l, Emission 
from th e  O sram  lam p operated  a t 0 ,9  A , showing halfw id th  in 
c m '1; (b ), emission from th e  Varian lam p ; (c l, emission from the  
rf lamp a t  110°C.
magnitude as with potassium. The pronounced peak 
at 110°C is attributed by Bell, Bloom, and Lynch8 to 
a competition between argon and rubidium discharges 
near this critical temperature.
Ordinary rubidium, which was used in all three lamps, 
consists of two isotopes: 85Rb and 87Rb in their natural 
abundance ratio of 3:1. Thus each resonance line in­
cludes a  contribution from the two isotopes. The hfs 
splitting of the ground states equals 0.1011 cm-1 and 
0.2278 c m '1, respectively,"1 and causes each resonance
1 S. A. O chs and P . K usch, Phys. R ev . 85, 145 (,1952).
F ig . 7. T h e  halfw idths A v ,  an d  separa tions of the  self-reversal 
peaks bv, of th e  rubidium  resonance lines em itted  by th e  rf, O sram , 
a n d  V arian lam ps. ia), T h e  7800-A com ponent; (b), th e  7948-A 
com ponent. X , rf  lam p; O , Osram  l a m p ;  , A r ;  , Sv.
line to consist of four hfs components: the outer two 
due to 87Rb and the inner two due to  86Rb. This struc­
ture was partially resolved using a  spacing of 12.00 mm 
between the Fabry-Perot mirrors and is shown for the 
7948-A line in Fig. 6. The hfs splittings of the - P  levels 
are smaller by at least one order of magnitude and can­
not be seen in the exposures. The traces of the inter­
ference fringes indicate th a t a partial resolution of the 
hfs has been achieved with all three lamps. However, 
while in the case of the rf lamp it was possible to  see it 
a t the usual operating temperatures and highest inten­
sities, the Osram lamp showed it only at very low cur­
rents, at which the intensities were extremely feeble.
The half-widths and, in the case of the Osram lamp, 
the separations of the self-reversal peaks were obtained 
from the Fabry-Perot patterns by means of the same 
procedures as were followed with the potassium doublet. 
The results are plotted in Fig. 7 against the appropriate 
operating parameters. I t  may be seen that the half­
widths of the lines em itted by the rf lamp are much 
smaller than  those due to  the Osram lamp operating 
a t currents above 1 A, where useful intensities are pro­
duced. The decrease of approximately 15% in the half­
width of the lines produced by the rf discharge occurred 
consistently a t 130°C and coincided with the condition 
for maximal integrated intensity. The Varian rubidium 
lamp produced somewhat narrower though less intense 
resonance lines than our rf discharge. This might 
well be due to  the presence of krypton as carrier gas, 
which permits a stable discharge a t the low operating 
temperature of 90°C. The 87Rb hfs components, which 
are at the edges of the resonance lines, also appear less 
intense in relation to the central 8!iRb components than 
they do in our discharge, indicating a difference in the 
relative abundances of the rubidium isotopes in the two 
lamps. However, the hfs components were not well 
enough resolved to perm it measurements of their in­
tensities. The two rf lamps did not exhibit self-reversal 
in the resonance lines bu t each hfs component showed 
slight self-reversal when the lamp was operated at 
higher temperatures. In  the Osram lamp, self-reversal 
appeared when the lamp current was increased to 1.0A
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and the degree of self-reversal increased rapidly with 
current; a t 1.4 A the central minima were only two 
thirds the intensity of the side maxima.
The ratios of the peak intensities of the corresponding 
resonance lines produced by the rf and Osram lamps 
were determined, as in the case of the potassium doublet, 
from the ratios of the apertures in the light beam used 
to photograph the fringes. I t  was found that the peak 
intensities of the lines em itted by the rf discharge were 
greater by a factor of eight than those produced by the 
Osram lamp operated a t a current of 1.5 A, a t which the 
lines were very broad. In  this case, however, the peak 
intensity of lines emitted by the Osram lamp refers to 
the intensity of the self-reversal peaks; the intensity a t 
the center of the resonance line is only about two thirds 
of that.
5. CONCLUSIONS
The new radio frequency lamps em it resonance lines 
whose integrated intensities, in the case of potassium, 
are about twice as great and, in the case of rubidium, 
about four times as great as those produced by the 
Osram lamps a t  their recommended operating currents. 
The intensities a t the centers of the resonance lines are 
four times yeater for potassium and eleven times greater 
for rubidium. The latter property is particularly im­
portant for purposes of exciting resonance fluorescence 
in alkali vapors a t very low densities. At extremely low 
vapor pressures the absorption lines are very narrow 
and only a narrow frequency band a t  the center of the 
exciting lines is absorbed by the atom s and either re­
radiated as resonance fluorescence or, after a transfer
30 f-
K
10*
P ig . 8. V ariation  of the fluorescent in ten sity  in potassium  w ith  
vapor pressure, showing excitation  w ith  rf and O sram  lam ps.
X , 7665-A inc id en t; o ,  7699-A incident; -------, rf l a m p ;  - ,
Osram lam p. C urves are norm alized to  show  equal peak in tensi­
ties.
of excitation, re-radiated as sensitized fluorescence.10 
Thus, a t very low vapor pressures or very low pressures 
of inert gases which may also be used to  induce transfer 
of excitation,17 the low halfwidths and high peak inten­
sities of the exciting lines are very useful. At higher 
vapor pressures or inert gas pressures, the contours of 
the exciting lines may be matched quite closely with 
those of the absorption lines in the alkali vapor to  pro­
duce optimal conditions a t all times. Figure 8 shows the 
variation of the total fluorescent intensity in pure potas­
sium vapor with potassium vapor pressure, with both 
the rf and the Osram lamps used for excitation.10 At 
vapor pressures below 10~2 torr the Osram lamp is com­
pletely inefficient and produces no significant fluores­
cence whereas the rf discharge is most effective a t low 
vapor pressures. The 7665-A component is broadened 
more than the 7699-A component in the rf discharge 
and, a t low vapor pressures of the irradiated sample, 
the 7665-A absorption line is narrower than  the incident 
exciting line. As the vapor pressure increases and the 
contour of the absorption line becomes broadened and 
matched to that of the exciting line, a small maximum 
is produced in the intensity curve. The resonance lines 
in the absorbing vapor then become further broadened 
with increasing vapor pressures and the efficiency of the 
process decreases. The maxima at 10 - torr and those 
at 1 0 '  torr, corresponding to  excitation with the Osram 
lamp, are due to  the phenomenon of volume fluorescence 
caused by the diffusion of the resonance radiation 
throughout the volume of the vapor. At still higher den­
sities surface fluorescence assumes a dominant role and 
no exciting radiation penetrates beyond the surface 
layer.
Radiofrequency discharge lamps of this type are now 
being used in investigations of sensitized fluorescence 
in potassium,17 cesium,11 and rubidium12 vapors a t vapor 
pressures as low as 10 0 torr, which could not be reached 
previously for lack of suitable light sources. Only at 
these low densities can fluorescence phenomena be in­
vestigated in the virtual absence of radiation trapping 
effects.
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